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Cnoco6 cjDopMOBaHn* TepMonnacTMHHoro nonnMepHoro MaTepnana, 
ycTpowcTBo pj\s\ ero ocymecTBJieHH* h cocTas TepMormacTMHHoro 

nojiMMepHoro MaTepiiana 

3a*Bn*eMbie cnoco6, ycTpowcTBo ahh cf>opMOBaHHfl TepMonnacTMMHoro nonw- 
MepHoro Marepnana m cocTaB TepMonnacrn/mHoro nojiMMepHoro MaTepnana c Bapw- 
aHTawiM peanM3ai4MM TexHMHecKMX npeAnoweHMfi , OTHOCHTCfl k TexHO/iorwn cfcopMOBa- 
H\Ato TepMonnacTMHHoro nonr/iMepHoro MaTepnana, Hanpmwep, k MH>K6Ki4i/ioHHOMy 
cjDopMOBaHwio m cf)opMOBaHM»o 3KCTpy3Mew. npei/iMymecTBeHHO npeflnaraeMoe tcxhm- 
MecKoe peiueHwe OTHOCMTCfi k 3KCTpy3MM nonwonec^MHOB, b MacTHOCTM, nonwsTM/ieHa, 
m MO>KeT 6biTb ncnonb30BaHO npw M3roTOBneHnn nonnMepHoro npocfewna, M3onwpyK>- 
mero noKpbiTM^ Ha sneiorpi/mecKOM Ka6ene, nojiwwepHoro BonoKHa, nonwMepHow Tpy- 
6bi m noriMMepHow nneHKM, nonynaeMOM pa3flyBaHweM Tpy6bi. 

riojiMMepbi, M3roTOBneHHbie c Mcnonb30BaHMeM MeTaxinoLjeHOBbix KaTanM3aTO- 
poB, xapaKTepw3yK)TCfi y3Ki/iM pacnpefleneHneM MoneKynfipHoro Beca nonnMepHbix 
Menefi m noBbiiueHHOM npOMHocrbio, ho npt/i o6bMHbix b MHflycTpMM CKopoc-rax nepepa- 
6otkm 3KCTpy3Mew npwo6peTaioT wepoxoBaTocTb, ii3BecTHy»o KaK "akyjibfl KO>Ka" mjim 
u 3MeMHa« KOKa", M APo6neHwe pacnnaBa". PloflBneHne flecj^eKTOB Ha noBepxHOCTM M3- 
Ae/iMM orpaHMHMBaeT CKopocTb nepepa6oTKM nnacTMKOB. Han6onee pacnpocTpaneH- 
HbiM b MHAycrpMH nnacTi/i kom flBJifleTC* no/iM3TMJieH. nonwsTi/meH, nonyHaeMbiw Ha 
MeTaxinoueHOBbix KaTann3aTopax, BbrrecHaeT o6bNHbiw ni/iHewHbiw no/iMSTvmeH Hi/13- 
kom wiothoctm Ha pbiHKe nneHOK. riojwsTi/meH wcnojib3yeTc« b ochobhom ahh npoM3- 
BOflCTBa nneHKM (okojio 60% ot o6mero 06-bewia) MeTOAOM 3Kcrpy3Hi/i m pa3AyBaHi/m 
~4$y6bi. ripn 3KCTpy3MM nonwsTMJieHa c y3KMM pacnpeAeneHnewi MoneKyjiapHoro Beca 
y>Ke npw He6onbiunx ckopocthx 3KCTpy3MM (okojio 10 MM/cex) noBepxHOCTb Tpy6bi 
npwo6peTaeT wepoxoBaTocTb, a no/iynaeMafl pa3AyBaHnewi Tpy6bi tohk3h nneHKa 
MMeeT noHM>KeHHbiM 6necK Ha OTpaweHwe w paccenBaeT npoxoflflinnw i/i orpaweHHbiii 
CBeT, mto CHM>KaeT noTpe6MTeribCKoe KanecTBO npoAyKTa. 



l/1cnojib30BaHi/ie AoSaBOK (J)TopMpoBaHHbix yrneBOAopoflOB b noxiMMepHbiM Ma- 
Tepwan aji* ywieHbweHMfl wepoxoBaToe™ noBepxHOCTM npoAyKTa w ywieHbUjeHMH 3a- 
rpfi3HeHMfl wiyHAunyKa M3BecTHO c 60-x roflOB [1]. 3tm Ao6aBKM oca>KAaK>TCfl Ha no- 
BepxHOCTH ycTpowcTB fljifl cjDopwiOBaHUH m o6ecneMMBatOT cwia3Ky 3T0M nOBepXHOCTM. 
Hanpwwiep, b naTeHTe [2] ndKa3aHo, mto 3KCTpy3M* CMecew anacTOMepoB c AoSaBKa- 
mm ot 0,002 ao 2 Bee. % 4>TopnpoBaHHbix ymeBOAopoAOB co CTpyicrypoM nonMMepHOM 
ueni/i (CF 2 -CH 2 ) n -(CF 2 -CF.CF 3 )m , rAe n/m - cocTaBnaeT OKono 7/3, m CTewinepaTypoM 
pa3wmrMeHMH Me>KAy 100°C m 300°C no3BOJi*eT noxiyMaTb 6e3Aecj3eKTHbifi npoAyKT Ha 

nOBblliJeHHblX CKOpOCTflX 3KCTpy3MH. 

flna wcnonb30BaHHH b KanecTBe Ao6aBOK, CHMwatomMX wepoxoBaTOCTb npo- 
AyKTa Ha pbiHKe AocrryriHbi cY\epy\ou\vie 4)TopnpoBaHHbie no/iwiviepbi: "Viton® 
FreeFlow™" DuPont [3], "DYNAMAR" Dyneon (3M) [4], "KYNAR" Atofina Chemicals 
[5], ripw Mcnorib30BaHMUi 3TMX ao 6a bo k b KonnMecTBe 6onee 0,04 Bee. % bo3MO>kho 
yBenMMMTb CKopocTb 3KCTpy3MM nojiMSTMneHa b Asa - MeTbipe pa3a 6e3 noHBneHMfl 
ujepoxoBaTOCTM noBepxHoc™ npoAyKTa. H3BecTHO Mcno/ib30BaHMe Ao6aBOK AW-6noK 
conoJiMMepoB PTFE n aKpunoBbix nonMMepoB c ToproBOM wiapKOM "METABLEN - A w 
Ana wcnorib30BaHM« npn nepepa6oTKe nonwonecjMHOB [6]. 

06o6maa aHanw3 aHanoroB npeAJiaraeMoro TexHunecKoro peweHMfl, CBfl3aH- 

HblX C MCnonb30BaHMeM 4)TOpMpOBaHHb!X nOJIMMepOB, MO>KHO OTMeTMTb, MTO MX He- 

AOCTaTKOM ABrmeTCfl AoporoBM3Ha cf>TopwpoBaHHbix nonnwiepoB, a TaK >Ke HeAoera- 
TOMHan CTeneHb yBenwneHWfl ckopoctm 6e3Aec}3eKTHOM 3KCTpy3iin. flononHMTenbHo, 
npwcyTCTBi/ie 4rropwpoBaHHbix nonwMepoB b rmeHKe 3aTpyAH*eT CBapicy nonn3TwneHa 
npu M3TOTOBneHMM ynaKOBKM. 

npoMbiiuneHHOCTb wcnojib3yeT CMecM noiiMMepoB c a htm o kcm as HTa m m , cTa6M- 
jiM3aTopaMM, Ao6aBKawiM ywieHbweHM* cTaTMnecKoro sneicrpimecTBa, opraHMHe- 
ckmmm m HeopraHMnecKMMM HanojiHMTeriflMM, KpacMTenHMM, nnacTM cJ)M KaTopa m m , ao- 
6aBKaMM, npeAOTBpamaioiAMMM cnwnaHMe nonMMepHbix M3AeriMM, HanpMwiep nojiM- 
wiepHOM nneHKM (aHTwSnoKOBbie Ao6aBKM), Ao6aBKaMM ynymuaiOLMMMM nepepa6oTKy 
no/iMwiepoB, Hanpwtviep Macna m t.a- npM 3Kcrpy3MM nnacTMKOB c HanormMTe/iaMW 
npoMexoAMT 6b!crrpbiM yHoc tohkmx m TeKyMMX noKpbiTMM cm33KM Ha noBepxHOCTM Me- 

TanJia a6pa3MBHbIMM HaCTMHKaMM. CKOpOCTb OCa>KAeHMH CMa30HHblX nOKpblTMM M3 
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(JjTopwpoBaHHbix nonwiuepoB npw stom Mower 6biTb wieHbiue cKopocTM i/ix yHOca Aa>Ke' 
npw coflep>KaHMi/i Ao6aBOK 6onee 2 Bee. %, hto Henpi/iewmewio b npowibiuineHHOM npo- 

M3BOACTBe. 

B npoMbiiujieHHOCTM o6pa6oTKM nnacTMKOB cymecTByeT 3Ha4MTenbHan noTpe6- 
Hocrb b oTHOCMTenbHO Hefloporux Ao6aBKax, o6ecneMMBaioiAMX nonyneHi/ie npoAyin-a 
6e3 yxyAiueHMfl ero wiexaHMMecKMX mjim opraHonenTWHecioix cbowctb. Oco6eHHO sto 
aicryajibHo Ann nojiyneHMfl n/ieHOK m nonwonecpMHOB, cwiecew m/mjim cononwwiepoB 
nonwo/iecpMHOB w anacTowiepoB. CwnnKOHbi m cwnwKOHOBbie KayqyKM - sto HeAOporwe 
m ujmpoko AOCTynHbie xuwinMecKMe BemecTBa c ujmpokmm Anana30HOM BH3KOCTM. Mc- 
norib30BaHMe cmjimkohob m curiMKOHOBbix snacTOMepoB b nepepa6oTKe nnacTMKOB xo- 
poiuo M3BecTHO. B [7,8,9] npeAnoweHO wcnonb30BaTb nonwcwnoKcaHbi b KaMecTBe aH- 
TM6noKOBbix AoSaBOK flnn npeAOTBpamemin cnwnawin nonwviepHOW nneHKM. Hanpn- 
Mep, b onwcaHMM k naTeHTy [10] 6bino npeAnoweHo wcnonb30BaHMe Hacnm HennaB*- 
merocn cwnwKOHOBoro nonwviepa pa3wiepowi ot 0,5 ao 7 mwkpoh Ann npeAOTBpame- 
hkw cjiwnaHi/in nonnMepHofi niieHKM (aHTi/i6noKOBbie Ao6aBKM) m b KaMecree Ao6aBOK, 
no3Bonn»omMX nonyHMTb 6e3Aecpe«THyio noBepxHOCTb npw noBbiweHHbix CKopocrnx 
3KCTpy3MM. KowmaHna Dow Corning [11] npow3BOAMT TaKwe nopoujKM Ann Ao6aBOK b 
CMecw nonwiviepoB b KonuwecTBe ot 0,1 AO 40 Bee. %. An* ywieHbUjeHi/in APo6neHi/w 
pacnxiaBa /WHeMHoro nontisTwneHa hm3KOW nnoTHOCTM (LLDPE) npeAnaraeTcn wc- 
norib30BaHMe Ao6aBKM ot 0,2 ao 10 Bee. % cycneH3WM nopoiuira b LLDPE c Ha3B3HW- 
eiui "DOW CORNING® MB50-313 MASTERBATCH". coAepwamero 50 Bee. % ci/inoK- 
caHOBi flnn Mcnonb30BaHMfl b KaqecTBe Ao6aBOK AOCTynHbi HennaBnmwecn (ciuMTbie) 
nonncwnoKcaHbi b bi/ia@ nopoiiJKa c(pepwMecia/ix nacrm c pa3wiepowi ot 2 ao 6 mkm 
noA wiapKOM Tospearl" ot KOWinaHww GE Silicones [12]. HsBecTHbi TexHMMecKMe peiue- 
rn/in [13,14,15,16,17], onucbiBaraiAwe TepwionnacTMMHbie CMecw c pearMpytomnwiM 
KowinoHeHTaMM cwjiMKOHOBofi pe3MHbi npn coAep>KaHMM anacroMepa ot 1 ao 60 Bee. % 
ot o6uiero seca TepMonnacrwHHOw cwiecn. nocne cpopwioBaHi/in M3AenwM M3 tbkwx 
civiecew a/iacTOMepbi BynKami3i/ipyioT Ann no/ryMeHi/in TpexwiepHOM crpyicrypbi M3 pe- 
3HHbi b TepMonnacTMMHofi wiaTpwije. BBeAeHwe cmhukohob b TepwionnacTMMHbie CMecw 
o6nerMaeT OTAeneHMe M3AehMn ot npecc-cpopwibi w ywieHbwaeT a6pa3WBHbitfi M3HOC m 
3arp«3HeHMe noBepxHOcrw M3AenwPi. 
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B onwcaw/mx k naTeHTawi [18,19] 6bino npeAno>KeHo wcnorib30BaTb ao6aBKW 
nojincujioKcaHOB c nojinpHbiwiM rpynnawm una ynyHiueHi/m MexaHi/necKi/ix m onTMMe- 
ckmx xapaKTepucTMK nneHKM m nonnonecpwHOB. B onwcaHi/m k naTeHTy [20] 6bino 
npeAnoweHO wcnojib30BaTb opraHO-cvmoKcaHbi co crpyKTypow riMHewHoro am&jiok- co- 
nonnMepa b Kowi6nHauMM c opraHocpoccpopHbiwiM coeAWHeHMHMH. B onwcaHWi/i k na- 
TeHTy [21] npeAnoweHO i/icnoxib30BaTb b KanecTBe flo6aBOK awopraHOCwnoKcaH c mo- 
neKynflpHbiwi Be com 6onee 10 000 a.e., coflepMcamnw n/iAPOKCum- rpynnw. B oni/icaHWM 
k naTeHTy [22] npeflnoweHO wcnonb30BaTb b KanecTBe Ao6aBOK Aw6noK-cono/iMMep 
opraHoewnoKcaHa c MoneKywipHbiM Becowi 6o/iee 40 000 m, c no KpatiHetf wiepe, oa- 
hom rwApoKcwn- rpynnofi. B onwcaHMM k naTeHTy [23] npeAnoweHO ncno/ib30BaTb b 
cnynae wiyHAWTyKa c HMKeneBbiM noKpbroieM noBepxHOCTM Ao6aBKM opraHOCpoccpop- 
hwx coeAMHeHMM m flo6aBKM AMopraHocwnoKcaHa c MoneKy/iapHbiM Becowi 6o/iee 10 
000 m, no KpafiHeii Mepe, c oflHofi ruiApoKcnn- rpynnoPi. 

06o6ma* aHanw3 aHanoroB npeflnaraewioro TexHi/mecKoro petueHWfl, CBH3aH- 
hwx c Mcnonb30BaHMewi b KanecrBe flo6aBOK no/iwcwnoKcaHOB pp* cwokbhwi iuepo- 
xoBaTOCTM npoAyin-a, mo>kho oTMeTMTb, mto npeAnaraewibie A^fl i*icnonb30BaHna b Ka- 
MecTBe CM33KM coeflUHeHM^ o6ecneMMBaioT HeAOcraTOMHoe yBenwqeHMe ckopoctm 
6e3flecpeicrHOM 3Kcrpy3MM. 

H3BecTHbi TexHMHecKMe peweHi/ia, b kotopwx npeAno>KeHO wcnonb30BaTb ao- 
6aBKM HeBynKaHM3npoBaHHbix tpTopwpoBaHHbix anacTOMepoB. B onwcaHww k naTeHTy 
[24] pacKpbiTO, hto npi/i 3Kcrpy3MM nonwonecpi/iHOB Ao6aBKM ot 0,005 ao 2 Bee. % 
cpTPpupoBaHHbix anacroMepoB c TewinepaTypofi nnaBneHi/m Me>KAy 120°C i/i 300°C, ho 
He Bbiiue, MeM TeMnepaTypa cpopwiOBaHWH nonwMepHoro wiaTepwana, no3BOJiaeT no- 
nynaTb 6e3AecpeicrHbiM npoAyKT npw 6onee bwcokom ckopoctm 3Kcrpy3MM. B onwcaHww 
k naTeHTy [25] onwcaHO Mcnonb30BaHne HeBynKaHM3MpoBaHHoro (pTopnpoBaHHoro 
snacTowiepa - cononnwiepa TeTpacpnioopooTMneHa c nepcpnraopo-anKwnacpMpoM b 
KaMecTBe flo6aBOK ajw ynymueHM* KaMecTBa Te<pnoHOBoro (PTFE) noKpbiTwa. B na- 
Tem-e [26] onwcaH cnoco6 (popwioBaHwa, BKntonaiomMfi CMeiuuBaHwe flo6aBOK HeByn- 
KaHM3wpoBaHHbix anacrowiepoB - conoriMMepa TeTpacpnioopoaTW/ieHa c nepcpnioopo- 
anKMnBMHMnscpMpoM c TepMonnacTMMHbiM nojiwiwepHbiM wiaTepnanoM b koji vmb crBe 
ot 0,05 ao 0,5 Bee. %, HarpeB ao n/iaBneHwa w 3Kcrpy3WO nonwMepHoro wiaTepwana. 



Haw6onee 6jim3kmm k npeA/iaraeMOMy TexHi/mecKowiy pewem/iio asnaerca onw- 
caHHbiw b naTeHTe [27] cnoco6 3KCTpy3MM pacnnaBa nonwMepa c Ao6aBKaMw cfrropi/i- 
poBaHHoro no/iMMepa nepe3 MyHAWTyK, noBepxHocrb KOToporo noKpbiTa cnoewi, co- 
flep>KamnM oamh i/mw 6onee okcwaob MeTannoB M3 rpynnbi: Ti, Zr, Cr, Fe, Ni, Pd, Pt, 
Cu, Ag, Au, Al, Si, npwMewi cjDTopwpoBaHHbiM nonwMep xapaicrepi/ttyeTCfl noBbiiueHHOM 
aAre3new k 3T0My OKCuflHOMy noKpbrrwo. B MacTHOM cnywae peanw3aaw/i b KanecTBe 
4>TopnpoBaHHoro nonnMepa wcnonb3yeTCfl HeByjiKaHM3npoBaHHbiM c^TopupoBaHHbiti 
anacTOMep. yBenvmeHwe ajvezvwA cnoa CMa3KM k noBepxHOcrw no3BonaeT ywieHbiui/iTb 
CKopocrb yHOca cwia3KH pacnnaBOM no/ii/iMepHoro MaTepwana. 

B onwcaHMM 3Toro naTeHTa noflpo6HO w3naraeTC* KOHCTpyKqufl MyHfliUTyKa, xa- 
paicrepM3yeMafl TeM, hto MyHfliiiTyK wwieeT noKpbiTwe, coflep>Kamee okcmaw MeTaxinoB 
m yKa3aHHOM Bbiiue rpynnbi. npi/iBOAJrrc* npwMepbi HaHeceHi/ia OKi/iCHoro noKpbrma Ha 
noBepxHOCTb MeTanna. 

B onncaHMM 3Toro naTeHTa noAPo6HO M3naraeTC« xi/iMi/mecKa* CTpyicrypa ao- 
6aBOK cfDTOpupoBaHHbix no/iMMepoB 1/1 cjDTopwpoBaHHbix anacTOMepoB, coAepwamt/ix 
normpHbie rpynnbi m cnoco6Hbix xwMi/mecia/i pean/ipoBaTb wnw cJ)M3MMecKM npncoeAw- 
H*Tbc* k noBepxHOCTM OKi/iCHoro noKpbm/ifl, a MMeHHo: -COF, -S0 3 M, -OSO3M, -OH, - 
COOM, rAe M - boaopoa, KarwoH menoHHoro Mera/ina wnw kbthoh aMMOHwa, -S0 2 F, - 
S0 2 CI, -COOR, rAe R - anmn paAMKan c Koni/mecTBOM aTOMOB ymepoAa ao 3. B Ma- 
cthoctm noKa3aHO, mto yBenwHeHMe 6e3Ae4>eKTHOt/i ckopoctm 3KCTpy3i/ii/i o6ecneHi/iBa- 
k>t 4)TopMpoBaHHbie nojii/iwiepbi m 4)TopMpoBaHHbie anacTOMepbi, o6pa6oTaHHbie He- 
opraHMHecKMMM nepoKCMAaMM m wviejomwe KOHLieBbie nonapHbie rpynnbi -COOH hjih - 
COF. B onucaHwn naTeHTa noApo6HO H3naraeTCfl cocTaB nonwiwepHow CMecu, coAep- 
wamew no/iMMep wnw cononiiMep onec(3MHOB, Ao6aBKH cJyropi/ipoBaHHbix no/ii/iwiepoB m 
HanojiHMTerib. OAHaKO b oni/icaHW/i k naTeHiy HeT yKa3aHMM KaK ynpyrwe cbomctb3 wia- 
Tepwana AoSaBOK Bni/mioT Ha KanecrBO (fcopwiyeivibix mnenwih. 

06o6mafl ananm aHanoroB npeAnaraeMoro TexHMMecKoro peuieHwi, CB*3aH- 
Hbix c Mcnonb30BaHneM b KaMecTBe AoSaBOK HeBynKaHW3wpoBaHHbix cJrropi/ipoBaHHbix 

3/iaCTOMepOB, MO>KHO OTMeTMTb, MTO MCnOJlb30BaHMe 3TMX Ao6aBOK He npMBOAMT K Ha- 

HeceHMio ynpyroro noKpbm/m Ha noBepxHOCTb MyHAUJTyKa. HeAocnraTKOM 3tmx TexHM 



necKMX peiueHMii nBnnercn HeAocTaTOHHaa CTeneHbi yBenwMeHMfl CKppocTW 6e3fle- 

4>eKTHOM 3KCTpy3MM. 

06o6Lnan aHani/13 Bcex aHanoroB npeAJiaraewioro TexHi/wecKoro peiueHi/ia, 

MO>KHO OTMeTHTb, MTO AO HaCTOfllLierO BpeM6HM He M3BeCTHbl CnOC06bl, n03BOJlflK)LMMe 
3HaHMTeJlbHO yBeilUMMTb CKOpOCTb 6e3Ae<$>eKTHOPi 3KCTpy3IAW, B OC06eHHOCTM npM 3KC- 

Tpy3ww nonwMepoB, coAepwamwx TBepAbie a6pa3MBHbie MacTMMbi. Hew3BecTHbi TaioKe 
cocTaBbi Ao6aBOK, KOTopbie Momn 6bi 6biTb wcnorib30BaHbi aha yBenwHeHi/ifl 6e3Ae- 
cjDeKTHOM CKopocTM 3KCTpy3MH m OAHOBpeMeHHO He yxyAwanii 6bi KanecTBO npoAYKTa. 

3a«B/ifleMbie TexHumecKne pemeHi/ifl HanpaBneHbi Ha ysennMeHMe ckopoctm 
6e3Aecf>eKTHOM 3KCTpy3MM. flpyrnMM pe3yribTaTaMi/i npeA^araeMbix TexHi/mecKwx pe- 
uieHMM «BJiflK)TCfl: yAeiueBJieHMe i/icnojib3yeMbix Ao6aBOK, CHHweHwe KOJiWHecTBa ao- 
6aBOK npw 3KCTpy3MM pacnnaBOB noni/iMepHoro MaTepwaxia c HanoriHUTenfiMM, ynpo- 
meHwe ko Hcrpy K141/1 m o6opyAOBaHi/m A*!* cjDopMOBaHfm pacnnaBOB no/iMMepHbix wiaTe- 
pnanoB, 3KOHOMI/1* SHepruM, Heo6xoAnwioii aha cfcopwiOBaHMfl, ynymueHi/ie BHewHero 
BMAa m MexaHMHecKMX xapaKTepwcTMK no/iyMaewibix npoAyKTOB. 

YKa3aHHbiw pe3ynbTaT AOCTi/iraeTC* Tewi, mto cnoco6 cjDopMOBaHW* Tepwionna- 
cTMMHoro nonwMepHoro MaTepwana BioiioHaeT BbiAaBni/iBaHue pacmiaBa TepMonna- 
CTMMHoro nonwMepHoro MaTepwana c Ao6aBKawiM snacTowepoB Mepe3 ycTpowcTBO aji* 
4)opMOBaHMfl TepMonnacTMMHoro no/iwMepHoro MaTepwana, m co3AaHne b npouecce 
BbiAaBni/iBaHMfl ynpyroro noKpbm/m, no KpawHefi wiepe, Ha Hacru noBepxHoc™ ycTpow- 
CTBa, HaxoA^U4ewc« b KOHTaicre c pacnnaBOM. 

YKa3aHHbiii pe3ynbTaT AocTMraeTca TaioKe Tewi, hto co3AaHMe ynpyroro noKpbi- 
TMfl ocyaiecTB/ifliOT, no KpawHew Mepe, Ha Macri/i noBepXHOCTM ycTpoficTBa pf\a 4>opr 
MOBaHMfl, npMMbiKajoiAew k BbixoAy M3 cf)opMyK)Lnero ycTpoficTBa, m c a™hom He 
MeHbiue 10% ot LUnpMHbi 3a3opa aha 4)opMOBaHMfl nonwMepHoro MaTepi/ia/ia. 

YKa3aHHbiM pe3yribTaT AOCTMraeTC* TaioKe Tewi, mto Ao6aBKM anacTOMepoB 
bhocat b cfropMyewibiM noni/iMepHbiii MaTepuian b KontmecrBe ot 0,001 ao 10 Bee. %. 

YKa3aHHbiM pe3ynbTaT AOCTwraeTCfl TaioKe Tewi, mto Ao6aBKi/i 3/iacTOMepa bho- 
cat b npoqecce cjDopMOBaHHfl oahoto TepMonnacTMHHoro nonwMepHoro wiaTepwana c 
Ao6aBKawiM snacroMepoB ot 0,01 ao 10 Bee. %, a 3aTewi npoi/i3BOAflT cfcopwiOBaHwe 



flpyroro TepMonnacTMMHoro nonwMepHoro MaTepwaxia c flo6aBKaMM anacTOMepoB ot 
0,001 ao 1 Bee. % 1/1 fin 6e3 flo6aBOK. 

yKa3aHHbiw pe3yribTaT AocwaeTCfl TaioKe Tewi, hto co3AaHne ynpyroro noKpw- 
tmh ocyiuiecTBnflKDT nyTewi oca>KAeHi/m Ao6aBOK anacrroMepoB 1/13 pacnnaBa cfropwiye- 
Moro TepMonnacTMHHoro noxii/iMepHoro wiaTepwana w i/ix ByriKaHM3ai4MM. 

yKa3aHHbiii pe3ynbTaT AOQTi/iraeTca TaioKe TeM, hto co3AaHne ynpyroro noKpw- 
Ti/ifl ocyiyecTBriflioT nyT§M oca>KAeHi/m Ao6aBOK o/iacTOMepoB m pacnnaBa cfcopn/iye- 
wioro TepMonnacTMHHoro noni/iMepHoro wiaTepi/iana, a b KanecTBe anacTowiepoB hc- 
nonb3yioT TepwionnacTHMHbie anacroMepbi. 

yKa3aHHbifi pe3yribTaT AOCTi/iraeTca TaioKe Tewi, hto b KanecTBe TepMonnacTMH- 
Hbix anacTOMepoB wcnoJib3yiOT anacTOMepw c TewinepaTypoii cTeKnoBaHW* Hwwe TeM- 
nepaTypw (fcopMOBam/m TepMonnacTWHHoro nonwwiepHoro MaTepnana m c ManoM aA- 
re3weii k cfcopwiyeMOMy TepMonnacTMMHOMy nojii/iwiepHOMy MaTepi/ia/iy. 

YKa3aHHbiM pe3ynbTaT AocTwraeTC* TaioKe Tewi, mto anacTOMepbi Bbi6npaK)T m 
rpynnw 3nacTOMepoB, cnocoSHbix k Byni<aHti3auiiM no peaioii/mM nonnKOHAeHcauuM 
MJ1M rMApocMJiwpoBaHMfl. 

YKa3aHHbiM pe3ynbTaT AocTwraeTca TaioKe TeM, mto npoqecc cfcopMOBaHWfl 
Tepwion/iacTHMHoro nonnwiepHoro MaTepnana ocymecTBriflKrr c uicnonb30BaHweM ycrr- 
powcTBa c noKpbiTMeM, HaHeceHHbiM, no KpawHefi wiepe, Ha nacTi/i ero noBepxHocri/i, 
HaxoA^meMCfl b KOHTaicre c pacnnaBOM w coAepwamwvi KaTanM3ajop A"* cooTBeTCT- 
Byromefi peaKUMM ByriKaHM3ai4MM anacroMepoB, 

yKa3aHHbiPi pe3yribTaT AOCTwraeTca TaioKe TeM, mto noKpbrrwe, coAepwamee 
KaTaxiM3aTop a^ cooTBeTCTByiomeCi peaKum/i ByjiKaHM3aunM anacTowiepoB, HaHOCflT b 
npouecce cfcopMOBamifl TepMonnacri/iHHoro no/inMepHoro MaTepwana. 

yKa3aHHbiM pe3y/ibTaT AOCTwraeTC* TaioKe Tewi, mto Ao6aBKM anacTOMepoB m 
KaTa/iM3aTopa AJifl o6ecneHeHw* i/ix By/iKaHM3aunM bhocht pa3AenbHO bo BpeiweHM. 

yKa3aHHbiM pe3y/ibTaT AOcrwraeTca TaioKe Tewi, mto Ao6aBKM KaTajnw3aTopa 
bhocat b npouecce 4x>pMOBaHi/m oahoto TepMonnacTMHHoro no/iwiviepHoro MaTepna- 
na, a 3aTewi npow3BOA*T (fcopMOBaHwe APyroro TepMonnacTWHHoro nonnwiepHoro wia- 
Tepwana. 
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yKa3aHHbiw pe3y/ibTaT Aocn/iraeTCfl TaioKe TeM, mto pacn/iaB TepMonnacTMMHO- 
ro noxiMMepHoro MaTepwana AononHWTe/ibHO coflep>KMT flo6aBKM ciuMBaiomMX areH- 

TOB. 

YKa3aHHbiM pe3ynbTaT AOCTi/iraeTC* TaioKe Tewi, mto b KaMecTBe ciUMBaramMx 
areHTOB Mcnonb3yK)T opraHMMecKne nepoKCMflbi c TeMnepaTypow pa3no>KeHi/ifl Bbime 
TeMnepaTypbi cfcopMOBaHM*, ho HW>Ke TeMnepaTypbi pa3Jio>KeHi4fl TepMonnacTWHHoro 
nonnMepHoro MaTepwana. 

yKa3aHHbifi pe3yxibTaT AocTwraeTca TaioKe TeM, mto BynKaHM3auwK) anacTOMe- 
poB ocymecTBiinfOT nyTewi mx HarpeBa ao TeMnepaTypbi pa3no>KeHi/m yKa3aHHbix ne- 
POKcmaob, no KpawHew Mepe, b tom MacTw cfropMyiomero ycTpowcTBa, KOTopaa npwMbi- 
KaeT k ero BbfxoAy, Hanpi/iMep, k BbixoAy W3 MyHAWTyKa uini/i cfci/mbepbi. 

YKa3aHHbiM pe3ynbTaT TaioKe AOCTi/iraeTca wcnonb30BaHi/ieM ycTpowcTBa aha 
cfropMOBaHWfl TepMonnacTMHHoro noriMMepHoro MaTepnana c noKpbimeM, HaHeceH- 
HbiM, no KpawHefi Mepe, Ha Mac™ tow noBepxHOCTM ycrpowcTBa, KOTopaa npeAHa3ua- 
MeHa Anfl KOHTaicra c pacnnaBOM TepMonnacTMMHoro nonwMepHoro Mafepi/iana, w co- 
Aep>Kaii4MM KaTa ji m 3 aTo p a^ cooTBeTCTByjomew peaiaii/ii/i ByjiKaHM3aLiMi/i anacroMe- 

POB. 

YKa3aHHbiM pe3yribTaT AOCwaeTca TaioKe ncnonb30BaHneM ycTpowcTBa c no- 
KpbiTneM, coAep^aoiMM KaTa/iM3aTop m BbinoriHeHHbiM M3 pe3MHbi, anacTMMHOM npi/i 
TewinepaType cfcopMOBaHwa no/iMMepHoro MaTepwa/ia. 

YKa3aHHbiw pe3ynbTaT AOCTi/iraeTca TaioKe wcnonb30BaHneM cocTaBa Tepwio- 
nnacTMHHoro nonwMepHoro MaTepwa/ia, coAepwamero nonnojiec^nHbi w Ao6aBKM a/ia- 
CTOMepoB, npimeM b KanecTBe axiacroMepoB wcnonb3yK)T 6jiok cononMMepbi wecna/ix 
nojiuwiepoB (A) c TeiwnepaTypoii cTeKnoBaHi/m Bbiiue KOMHaTHOM, ho Hwwe TeMnepaTy- 
pbi cfropMOBaHM* yKa3aHHbix nonnonec^MHOB, w m*i"ki/ix noriMMepoB (B) c TeMnepaTy- 
pofi CTeKnoBaHMfl HM>Ke KOMHaTHOM, npi/meM 6jiok cononwMepbi Bbi6i/ipaiOT CO CTpyK- 
TypoM JiMHeMHoro 6jiok cono/iMMepa A(BA) n , rAe n>0, i/mw (BA) m , rAe m>1, m/im rpacfrr- 
cono/iMMepa, KorAa k MarKOMy noni/iMepy npuBMTbi, no KpawHew Mepe, ABa 6oKOBbix 
cerMeHTa wecTKWX noni/tMepoB, npw c/ieAytomeM cooTHOLiieHi/in KOMnoHeHTOB: 
TepMonnacTMMHbie a/iacTOMepbi - 0,001 - 10 Bec.% 
TepMonnacTMMHbiti noni/iMepHbiM MaTepwan - ocrranbHoe. 



yKa3aHHbiw pe3y/ibTaT AOCTi/iraeTca TaioKe ncnorib30BaHweM cocraBa Tepwib- 
nnacTMMHoro noni/iMepHoro MaTepnana c Ao6aBKaMW TepMonnacTMMHbix anacroMe- 
poB, b kotopom b KaMecTBe >KecTKi/ix noiwMepoB npewMymecTBeHHO Mcnonb3yK>T no- 
nwMepbi m cneAyiomeii rpynnbi: nonnac^MpcynbctDOH, nonMBMHi/mni/ippojii/iAOH, noni/i- 
MeTMJiMeTaKpwnaT, noxiMCTupon, wecTKMfi noni/iMMWA, nonwypeTaH, a b KanecTBe M*r- 
kmx nonwMepoB npei/iMymecTBeHHo wcnorib3yK)T nonwMepbi M3 cneAyiomeM rpynnbi: 
nonwAMMeTuncunoKcaH, nonMMeTMJicjDeHwncunoKcaH, nonwTeTpacfcTopOTi/meH, (fcTopvi- 
poBaHHbiw nojiM3TMneH mjim M*rKi/ie cononnMepbi <trropwpoBaHHbix nonwonecfri/iHOB c 
cooTHOtueHneM aTOMOB (Jrropa k aTOMaM ymepoAa He wieHee 1:2. 

TepMMH "TepMonnacTMMHbiM nojiitMepHbiw MaTepwan" unw aji* KpaTKOCTM "Tep- 
MonnacTMMHbiM wiaTepwan", "TepMonnacT" 03HaMaeT MaTepwa/i Ha ocHOBe nonnMepa, 
KOTOpbM pa3MflrMaeTC^ m npwo6peTaeT cnoco6HOCTb k nnacTMMecKOM Ae4>°P MaL * MM 
npu HarpeBe ao TewinepaTypbi MeHbiue TeMnepaTypw ero TepMi/mecKoro pa3no>KeHWfl. 
TepMMH "nnacTMMHafl AecJ)opMai4Mfl M o3HanaeT Heo6paTWMyro Ae<fcopMai4MK) noA A©w- 
CTBueM MHoroKpaTHOM mjim AonroBpeMeHHoii Harpy3KM 6e3 pa3pyiueHt/iR 

B o6ii4eM cnynae TepMonnacTMHHbiM MaTepwan MMeeT b CBoeM cocraBe He 
TonbKO cawi noniiMep, ho w pa3jnnHHbie Ao6aBKw: aHTWOKCMAaHTbi, CTa6wnM3aTopbi, 
Ao6aBKi4 yMeHbwetti/m CTan/mecKoro aneKrpuHecTBa, opraHi/mecKi/ie w HeopraHi/i- 
necKMe HanojiHMTejiw, KpacwTeni/i, nnacTMC^MKaTopbi, AoSaBKM, npeAOTBpamatomwe 
cnnnaHMe, HanpwMep aHTw6noKOBbie AoSaBKM ana noni/iMepHoii nneHKW, Ao6aBKM, 
ynyMUjaKDuune nepepa6oTKy nonwMepoB, HanpwMep Macna m t.a. npuwepbi normMep- 
Horo MaTepwana BicniOMaroT, ho He orpaHnneHbi cneAywmuM otmckom: nonnonec^nHbi, 
4>TopMpoBaHHbie ymeBOAopoAHbie nonwMepbi, bmhmji- noxiMwiepbi, aKpwnoBbie w Me- 
tmji- aKpwnoBbie noriMMepbi w anacTOMepw, nonwaqeTaTbi m i/ix cononnMepbi, nonw- 
3cfcnpbi, nonnaMMAbi, nonnKap6oHaTbi t noxii/icyjibcfroHaTbi m nonwypeTaHbi, TepMonna- 

CTMHHbie 3C|)Mpbl UeJinK)J103bL 

npe>KAe Bcero, npeAnaraeMoe TexHimecKoe peweHwe npeAHa3HaneHO ah* mc- 
nonb30BaHMfl npw cfcopMOBaHMM noni/ionecfcMHOB. npi/iMepw noni/ionecjDHHOB BKnioMaioT, 
ho He orpaHMMeHbi nonnMepaMM m cononnMepaMM aTwneHa, nponwneHa, 6yTeHa, neH- 
TeHa, reKceHa, a T3K>Ke cononnMepaMW MoneKyn nonwonecfci/iHOB c cnnaHaMM m c mo- 
HOMepaMn, coAep>Kau4MMM non^pHbie MOJieKynw, KOTopwe BknionaiOT, ho He orpaHH- 
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neHbi BWHMJiOBbiM cnwpTOM, aKpi/moBow Ki/icjiOTOM, a Tak >Ke cwiecflMH 3tmx noriMWiepoB. 
flpaKTMHecKM npeAnoMTMTenbHbiMM MarepwanaMM an* 3KCTpy3i/iw fiBnaioTCfl: nonwo- 
ne4)MHb! m mx cononi/iwiepbi, nonyMeHHbie c i/icnonb30BaHi/ieM MeTarmoueHOBbix KaTa- 
nw3aTopoB u ajih KOTopbix xapaiaepHO y3Koe pacnpeAeneHne MoneKynapHoro Beca. 
(IpeAnaraeMoe TexHwnecKoe peiueHi/ie c HeKOTopbiMM orpaHMHeHWHMW MOweT 6biTb 
Mcnonb30BaHO AJifl ynynujeHMfl 3KCTpy3i/m CMecefi cbipwx snacTOMepoB c nepoKCMAa- 
mm, KOTopbie ByjiKaHM3npyK)Tc^ no CBo6oAHO-paAMKaxibHOMy MexaHW3My, mjim Tepwio- 
nnacTMHHbix sjiacTowiepoB Ha ocHOBe 6jiok conojiwwiepoB, win npi/i 3KCTpy3Mi/i cMecew 
TepMonnacriiMHbix nonwMepoB c snacTOMepaMM. 

B COOTB8TCTBMM c npeAnaraeMbiMi/j TexHMHecKWMM peweHWflMi/i b npouecce 
$opMOBaHi/m TepMonnacn/iMHoro noni/iMepHoro wiaTepi/iana ocyinecTBJiaeTCfl HaHece- 
Hi/ie ynpyroro noKpbm/m Ha noBepxHOCTb, KOTopa* HaxoAWTC* b KOHTaiae c pacnxiaBOM 
nonwMepHoro MaTepwana. fln* yBenwMeHi/m 6e3Aec£eicTHOw ckopoctm 3KCTpy3i/iM aoc- 
TaTOMHO HaHOCMTb ynpyroe noKpbiTMe b6jim3m BbixoAa M3 (fcopwiyiomero ycTpoficTBa c 
AnnHoii noKpbm/m He Menee 10% ot ujnpuHbi 3a3opa fv\n 4>opMOBaHi/m Tepwionna- 
CTHHHoro no/iMMepHoro MaTepwana. flewcTBi/iTenbHo, ynpyrwe HanpflweHwa b noTOKe 
nonwMepHoro MaTepwana cocpeAOTOMeHbi B6ni/i3i/i BbixoAa M3 cftopMyiomero ycTpow- 
CTBa n ncnonb30BaHwe noKpbm/i* yme TaKotfi ajinhw no3BonaeT 3aivieTHO yBenwHMTb 
CKopocTb 6e3Aec|DeKTHOM 3KCTpy3MM ToncTocreHHOM Tpy6bi mjim npocfci/mfl. ripw yBenw- 
MeHMi/i AnMHbi ynpyroro noKpbrrwa CBbiuie 10% ot wiipwHbi KaHana CKopocTb 6e3Ae- 
(freKTHOw 3KCTpy3MM AonoxiHMTejibHo B03pacTaeT. npw Annne ynpyroro noKpbrn/i* wie- 
Hee 10% ot LUMpwHbi KaHana yBennneHne 6e3Aec|)eKTHoii CKopocTii 3KCTpy3i/iw He npo- 

MCXOAMT. 

HaHeceHMe noKpbiTwa b npouecce 3KCTpy3i/w, Hanpi/iwiep npw 3KCTpy3i/iw Mepe3 
MyHALUTyK, MO>KeT ocyLuecTBn^TbCfl npui wcnonb30BaHMH coBpewieHHbix KOHCTpyKLiww 
MyHAUJTyKOB AiiH waroTOBneHMfl MHorocjiowHow nneHKM v\nv\ MyHfliuTyKOB, coAep>Ka- 
mux nopucTbie bctbbkm Ann noAam/i cwia3KM Ha noBepxHOCTb, HaxoA*myK>cfl b KOHTaK- 
Te c pacnnaBOM no/iMMepHoro wiaTepwana [28]. OAHaKO, npeAnoMTMTenbHbiM HBrmeT- 
c* , HaHeceHwe m BoccTaHOBJieHwe noKpbm/ia npi/i oca>KAeHHii Ao6aBOK m pacnnaBa 
nonnMepHoro MaTepwana Ha noBepxHOCTb, KOTopaa HaxoAHTca b KOHTaiae c pacnna- 
BOM. TeMnepaiypa (fcopMOBaHW* noxiMMiepHoro MaTepwana Aon>KHa 6bijb Bbiiue coot- 
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BeTCTByiomew TewmepaTypbi nnasneHwn flo6aBOK mjim TewinepaTypbi CTeicnoBaHMfl ao- 
6aBOK, T.e. npn TeMnepaType cfropMOBaHwa flo6aBKM flon>KHbi pa3M*rHaTbc* m o6pa30- 
BbiBaTb Ha noBGpxHOCTM cjiom TepMonnacTMMHoro anacTOMepa, wnw c/iom cwiecw kom- 
noHeHTOB cbipwx anacTOMepoB, i/irm cjiom CMecw cbipwx anacTowiepoB m cujwBaiomMX 
areHTOB. B3ai/iMOAewcTBwe oca>KfleHHbix snacTOMepoB c noBepxHOCTbio m ByxiKaHW3a- 
uja* KOMnoHeHTOB sjiacTowiepoB b 3tom c/ioe npMBOflUT k co3flaHMK) ynpyroro noKpw- 
Ti/m Ha noBepxHOCTM. CKopocTb oca>KfleHM« Ao6aBOK pacrreT nponopuwoHanbHO mx ko- 
jriwHecTBy b noriMMepHOM wiaTepnajie. CKopocTb M3Hoca ynpyroro noKpbrmfl onpefle- 
naeTCfl CKopocTbK) CKonb>KeHMfl pacnnaBa no/inwiepHoro MaTepwana Ha rpaHiiue no- 
KpbiTMA, HanuMneM a6pa3MBHbix nacTMM b noni/iMepHOM MaTepi/iane, aflre3Mew ynpyro- 
ro noKpbiTi/m k noBepxHOCTM w MexaHi/mecKi/iMi/i cBOMCTBaMM ynpyroro MaTepwana no- 
KpbiTMH. . rioaTowiy KO/iMHecTBO flo6aBOK nofl6npaK)T pj\* Bbino/iHeHMfl 6a/iaHca wie- 

>Kfly CKOpOCTbK) M3HOCa M CKOpOCTblO OCa>KAeHl/lfl nOKpblTWfl erO BOCCTaHOB- 

neHMfl . Hai/i6oriee npeflnoHTMTenbHbiM npeACTaBJiaeTCfi Bbi6op M3 flnana30Ha 0,001 - 
10 Bec.%. 

Ecni/i KonwMecTBO floGaBOK BBOflMTb MeHee 0,001 % to CKopocTb oca>KAeHW* 
noKpbiTHfl 6yfleT HacTonbKO wiana, mto He 6yfleT KOMneHCi/ipoBaTb ero M3HOC. BBefle- 
nine Ao6aBOK 6onee 10 % Hei4enecoo6pa3HO i/!3-3a Toro, hto H3-3a BbicoKow ckopoctw 
oca>KAeHMf! noicpbrn/ie 6yAeT HapacTaTb 6bicTpee, newi M3HaiUMBaTbca, hto wio>KeT 
npMBecTM k HewenaTenbHOMy coKpameHMK) npoxoAHoro ceneHi/m (fcopwiyiomero ycT- 
poftcTBa. KoriMHecTBO flo6aBOK noA6npa»OT aha BbinormeHi/ia 6a;iaHca Me>KAy m3ho- 
com w oca>KAeHMeM noKpbiTH* i/!3 Awana30Ha 0,001 - 1 Bec.%. 

HaHeceHMe ynpyroro noKpbrrafl MO>KeT 6biTb npow3BeAeHO b OTHoewTenbHO ko- 
POTkmx npoMe>KyTKax BpeMeHH. B ocTaribHoe Bpewm o6opyAOBaHwe MO>KeT 6biTb i/ic- 
no/ib30BaHO A^ifl 3KCTpy3ww noriMMepHoro MaTepwana 6e3 Ao6aBOK nnn c ManbiM ko- 
riMMecTBOM Ao6aBOK. Hanpuwiep, una ycKopeHHoro HaHeceHwa ynpyroro noKpbiTi/ia 
mo>kho Mcnonb30BaTb CMecu c 6onbUJMM - ao 10 Bee. % coAep>KaHMeM AoSaBOK, a 3a- 
TeM Mcnonb30BaTb Ao6aBKM b Koni/inecTBe He 6onee 1 Bee. %, a npewMymecTBeHHb 
0,01 - 0,05 Bee. %. 

B TeXHMKe 3KCTpy3MM A06aBKH npUirOTOBXlfllOT B BMAe KOHUeHTpMpOBaHHblX cwie- 

cew c nonnMepHbiM wiaTepwanoM, a rpaHy/ibi 3Toro ko h ue HTpaTa A03i/ipyK)T m cMewi/i- 
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BaioT c rpaHynaMM no/iwMepHoro MaTepwana b aKCTpyAepe. flpi/iroTOBneHMe KOHueH- 
TpnpoBaHHbix CMecew flo6aBOK no3BOJiaeT onTMMW3i/ipoBaTb pa3Mep BKJiiOMeHMM flo- 
6aBOK b nonMMepHbiM MaTepwan. Oca>KfleHMe flo6aBOK Ha noBepxHocrb cfropMyjounero 
ycTpowcTBa npowcxoflMT b MecTax pe3Koro cyweHM* noTOKa. Pa3Mep BKnioMeHMM He 
MoweT 6biTb cjimujkom ManbiM (MeHee 0,1 mkm), TaK KaK b stom cnynae 3HamrrenbHO 
CHM>KaeTCfl CKopocTb oca>KfleHM5R Ao6aBOK Ha CTeHKM cfcopwiyiomero ycTpowcTBa. Pa3- 

Mep BKHIOMeHMM He MO>KeT 6blTb CHMIUKOM 6onbLLMM (60Jiee 10 MKM), TaK KaK CTaHO- 

bi/itch 3aMeTHOM HeoflHopoflHOCTb nonyMaeMoro npoflyicra. npi/i onrnManbHOM pa3Me- 
pe BK/itoHeHMM (ot 0,1 flo 10 mkm) flOJifl flo6aBOK b TepMonnacTMMHOM MaTepwane He 
MO>KeT SbiTb HM>Ke 0,001 Bee % mjim 6onee 10 Bec.%. flewcTBi/rrejibHO, 3<fc<t>eKTMB- 
HOCTb oca>KfleHMfl Ao6aBOK yBennHMBaeTC^ c yBeni/NeHi/ieM pa3Mepa BicnK)MeHi/iM [29] 
m ecnn Aon* flo6aBOK HM>Ke 0,001 Bee %, to npw onTMMaribHOM pa3Mepe BK/uoHeHMW b 
pacnnaBe oca>KAeHMe flo6aBOK Ha noBepxHOCTb npowcxoAWT HepaBHOMepHO. A npw 
flone Ao6aBOK 6onee 10 Bec.% oca>KAeHMe floSaBOK npi/iBOAWT k He KOHTpon m pye m bi m 
n3MeHeHM^M ceMeHM^ noTOKa w npocjwrifl npoAyKTa. 

HaHeceHwe ynpyroro noKpbiTMfl MO>KeT 6biTb npoi/i3BeAeHO npw Mcnonb30BaHMM 
Apyroro Tt/ina nonwMepHoro MaTepwana, MeM ana cjDopMOBaHWfl npoAyKTa. HanpMMep, 
pj\n HaHeceHMfl noKpbrrwfl MO>KeT 6biTb wcnonb30BaH jxeuieshM nojiM3TnneH HH3KOM 
nnoTHocTM (LDPE), a 3aTeM nonyneHHoe ynpyroe noKpbiTue mo>kho Mcnoxib30BaTb npw 
M3roTOBJieHnw npo3paHHOM nojiM3TwneHOBoii nneHKH M3 6onee Aopororo nonwMepHoro 
MaTepwana, HanpwMep MeTannoueHOBoro nonn3Ti/meHa (mLLDE mjim mPE). 

TepMMH "HaHeceHHe ynpyroro noKpbiTMfl n 03HanaeT HaHeceHne noKpbrn/i* M3 
MaTepwana, ynpyroro no cpaBHeHi/ito c TepMonnacTMHHbiM noriMMepHbiM MaTepwanoM, 
Ha >KecTKyfo noBepxHOCTb mjim Ha enow Apyroro mjim Toro >Ke ynpyroro MaTepwana, Ha- 
npwMep, aji« BoccTaHOBJieHMfl M3HoiueHHoro noKpbiTM* mjim Hapami/iBaHMfl Tonmi/iHbi 
y>Ke MMeiomerocfl noKpbiTM*. B tom Hi/icne mo>kho HaHocwTb ynpyrww MaTepwan oaho- 
ro copTa Ha ynpyruft MaTepwan Apyroro copTa. Hanpi/iMep, HaHoci/n> enow anacroMe- 
pa, ycTOMHMBoro k a6pa3HBHOMy M3Hocy, Ha cjiom anacTOMepa Apyroro copTa, koto- 
pbiw o6naAaeT noBbiiueHHOM aAre3i/iew k noBepxHOCTw MeTanna. Ynpyrae CBOMCTBa 
M3MepflK)TCfl pjv\ xapaiaepHoro BpeMeHM npouecca. TepMMH "xapaicrepHoe BpeM* 
npoMecca" 03HaMaeT BpeM* M3MeHeHHH Harpy3Ki/i (AaBJieHi/ia) b npouecce. Xapaicrep- 
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Hoe Bpewifl nepMOAMMecKwx w KBa3i/inepnoflimecKMX npoueccoB MCMMCJifieTcn kbk ne- 

noniiMepHbiti MaTepwan npw TewinepaType Bbiiue TeMnepaTypbi CTSicnoBaHmi 
npoflBJiJieT ynpyrne cbomctb3 Ann kopotkmx npoqeccoB m nnacTi/mecKi/ie cBOMCTBa pj\a 
AnwTenbHbix npoueccoB. flna M3wiepem/m cooTHouieHwa Me>KAy nnacrrMsecKoR m ynpy- 
row AecpopMauwew m Ana onpeAeneHwn AMHawii/mecKwx cbomctb wiaTepi/iana era p,e- 
(popMnpy»OT nepnoAMMecKM, a wwieHHo: HaioiaAbiBaioT CMHycoMAanbHo M3wieHfliomyio- 
cfl Harpy3Ky [30,31]. Ecnw F - ci/ina, npwno>KeHHafl k nnomaAM noBepxHocrw S b Ha- 
npaBJieHMM napannenbHO STofi noBepxHOcru, to HanpaweHiie CABMra a = F/S. TorAa 
Ae^opMauMn CABMra y = y 0 »SIN(cot). HanpflweHi/ie CABMra b BJi3KO-ynpyrowi wiaTepwane 
npuHHTO onwcbiBaTb c nowioiMbK) G' - ynpyroro wiOAynn m G" - b«3kcto wiOAyfin. TorAa 
ct = y 0 » (G'»SIN(cot) + G"»COS(G)t)). Ha ct>w\1 rpacpunecKM npeACTaBneHO Ana TeMne- 
paTypbi 165°C M3MeHeHwe ynpyroro wiOAy™ G' m B«3Koro wiOAyna G" c MacroTOM bo3- 
AeiiCTBMfi f = <ol2% Ann nwHeCiHoro nonn3Ti/ineHa LL1201 XV, kotophm Mbi wcnonb30- 
Bann b npwMepax pea/iM3aMMM npeAnaraewioro TexmmecKoro peweHW*. KpMBbie ne- 
peceKajOTca npw nacTOTe oko/io 7 I~i4. B npeAene wianwx MacTOT B03AewcrBwa Bfl3KMfi 
MOAyrib 6onbiue ynpyroro wioAyn*, to ecrb wiaTepwan BeAeT ce6yi KaK >KMAKOCTb. B 
npeAene bwcokmx hbctot B03AewcTBi/ifl B«3KMfi wiOAyib wieHbiue ynpyroro wioAynfl, T.e. 
MaTepnan BeAeT ce6n KaK TBepAoe Teno. 

KaK noKa3aHO rniwe b npwwiepe 1 , npw 3Kcrpy3WW pacnnaBa 3Toro nonwsTuneHa 
npn TewinepaType 165°C B03HMKaioT Aecpeicrbi noBepxHocTM c nacTOTow i/ix noaBJiem/m 
OKono 20 Tu. ripuHMHa noHBneHwn AecpeKTOB wioweT o6-b*cHaTbca cneAytomwwi 66pa- 
3om. Ha BbixoAe M3 wiyHAWTyKa noBepxHOCTHbiw enow npoAyicra ycKopaeTCfl m pacrfl- 
ruBaeTcn. ynpyran sHeprw* pacTWKeHfm MO>KeT BbiCBo6o>KAaTbcn b nepwoAWMecKnx 
nepexoAax "npunnnaHne-cKonb^eHMe", T.e. cKaMKoo6pa3Hbix CABwrax noBepxHocTHoro 
cnoyi wiaTepwana BAOJib noBepxHocm wiyHAWTyKa Bdnmvi ero BbixoAa, w b pa3pyiue- 
hmw (APo6neHMM) noBepxHocTHoro cnoa no/iwwiepa TpemwHawiw. CooTHOiueHwe wie>KAy 
ynpymwi m bjujkmwi wioAyJiewi (G7G") Aifl pacnnaBa nojii/iwiepHoro MaTepnana Ha nac- 

TOTe B03HMKHOBeHMJ1 AecpeKTOB paBHO 3Ha4eHWK> K. OHeBMAHO, HTO 3HaMeHne K MO- 

ymi wieHHTbCfl ot oahoto nonnwiepHoro wiaTepwana k APyrowiy m npn M3MeHeHMM Teiw- 
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nepaiypbi cfeopMOBaHM*. f\nn Hcnonb30BaHHoro b npuwiepax peajiw3ai4MM nonwaTi/ine- 
Ha LL1201 K = 1,4. Bbi6epeM BenMHMHy K b KaMecree 4>aKTopa, onpeAenatomero yn- 
pyrne cBoPtcTBa wiaTepwana. MaTepi/ian noKpbiTM* AonweH 6biTb ynpyrnwi no cpaBHe- 
hhk> c pacnnaBOM noni/iMepa, T.e. oTHoiueHMe ynpyroro MOAyna k BH3KOMy MOAynw 
Aoji>kho 6biTb 6onbiue cooTBeTCTBy 10 me m BenwMMHbi a^* nonnMepa b K pa3 Ha nacTO- 
Te noflBneHMH AecfceKTOB. ByAeM CMHTaTb, mto MaTepwan noKpbrrwfl flBnaeTca ynpymwi 
MaTepi/ianoM no cpaBHeHwo c pacnnaBOM noni/iMepa, ecnw (G , n0 Kpbmie/G"noKpbrrMe) > 
MG' no^Mep/G" non M Mep) = K 2 . TorAa Ha MacTOTe no*BneHi/m Ae#eicroB ynpyrww wiaTe- 
pnan ana noKpbm/ifl xapaicrepwsyeTC* cooTHomeHweM G7G" > K 2 . Mo>kho owi/waTb, 
hto b CB«3aHHOM MexaHMHecKofi en ere Me "nonwMep - ynpyroe noKpbiTwe" npoM3ofiAeT 
AeMncJwpoBaHwe Kone6aHi/iw. 

AonoriHMTenbHO nna nonyMeHM* noKpbrn/iH Ha noBepxHOCTi/i Heo6xoAHMO, mto- 
6b! m b npeAene Manbix nacTOT MaTepwan noKpbm/m asnanca ynpyrwM no cpaBHeHMio 
c pacnnaBOM nonnwiepHoro MaTepi/iana. C yneTOM cjDaKTopa, onpeAenflioLqero ynpyrwe 
CBOMCTBa Matepwana oto o3HaqaeT, mto b npeAene Manux MacTOT (Ani/rrenbHoro 
BpewieHw) B03AeMCTBM« ai* noKpbrrwfl OTHOiueHi/ie ynpyroro MOAyi* k B*3KOMy MOAy- 

JltO (G , noKpbiTne/G ,, noKpb™e)o > K*(G' noniiMep/G" noniiMep)o = KL, VJ\e (G' nonwMep/G" nojwMep)o 

= L - oTHOiueHne ynpyroro MOAyifl k BH3KOMy MOAynio ah* pacnnaBa nonwMepHoro 
wiaTepwana b npeAene hm3kwx nacTOT B03AefiCTBMfl. 

TaKMM o6pa30M, MaTepwan ppa ynpyroro noKpbrrwfl b Koni/mecrBeHHOM otho- 
ujeHUM Aon>KeH yAOBneTBopsrrb cneAytomviM AByiw ycnoBMHM: 

(G 9 noKpbime^G " notcpbrm e) 

> K 2 , r fl e K = (G' p/G" non MM ep) fli* xapaiaepHOM 

MaCTOTbl B03HHKH0BeHMfl Ae<t>eKTOB t 

(G' nO K P b™e/G"noK P b™e)0 > KL, T fl e L = (G' non^ep/G" noi,HMep)o H3 ManblX M3C- 
TOTaX B03AeMCTBMP. 

Ecnw aji« HaHeceHMfi noKpbiTwa Mcnonb3y»OT MaTepi/ian, KOTopbiw wwieeT wianyio 
aAre3Mio k TepMonnacTMMHOMy nonnwiepHOiviy wiaTepwany, to pacnnaB nonwwiepa 
CKohb3MT BAonb TaKow noBepxHoc™. CKonbweHi/ie oahoto MaTepwana BAonb Apyroro 
npowcxoAMT b pe3ynbTaTe ynpyroii Ae<t>opMaL4i/iM noBepxHocTHoro cnofl wiaTepwanoB m 
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nepi/iofli/iHecKi/ix cflBMroB BAOJib n o Be pxH o ctm KOHTaicra b pe3ynbTaTe pacnpocrrpaHe- 

HMfl TpeiUMH CflBMra. CKOpOCTb CKOJlb>KeHWfl COOTBeTCTByeT CyMMe CABMFOB 3a eflMHM- 

Liy BpewieHM. CKOJibweHi/ie pacnnaBa nonwMepHoro wiaTepwana BAorib noBepxHOcru 
ywieHbiuaeT pacT*>KeHne noBepxHOCTHoro cnoa npoAyKTa Ha BbixoAe M3 MyHAurryKa. 
OAHaKO 1/1 b 3tom cnyMae Ha 6onee bwcokhx CKopocrax npoi/icxoAMT APo6neHwe pac- 
n/iaBa, ecnvi awinnwTyAa cabmtob BennKa w ni/iKOBbie 3HaHeHi4* Harpy3KH npi/i pacT*- 
>KeHnn noBepxHOCTHoro cnoa npoAyKTa npeBbiiuaeT npoMHOCTb wiaTepwana. Ana yBe- 
ni/meHHfl 6e3Ae4)eKTHOM ckopoctm 3KCTpy3nw Heo6xoAnwio yMeHbaiMTb awinriMTyAy 
cabmpob pacnnaBa B<qonb crenm Vi yBenwni/iTb nacTOTy stmx CABi/iroB, mto6bi ywieHb- 
ujnTb nMKOBbie 3HaMSHHfl Harpy3KW npn p acTH>Ke hum b noBepxHOCTHOM cnoe npoAyKTa. 
nocKoribKy TpemMHbi CABwra pacnpocTpaHflKrrc* BAOJib noBepxHocrw KOHTaicra, to 
TOJimwHa ynpyroro noKpbiTi/ia He TaK Ba>KHa, KaK A^wHa ynpyroro noKpbiTi/ia Ha noBepx- 
hoctm. Ynpyroe noKpbm/ie He TepaeT cbomx cbomctb, T.e. MoweT o6paTwwio AecjDopMii- 
poBaTbCH BnnoTb ao TonmHHbi, conocTaBMMOM c ajimhom wioneicynbi anacTowiepa. Xo- 
t* ynpyryK) AecfropMaui/iio TaKoro tohkoto cno* Hpe3BbmafiHO TpyAHO M3MepMTb, npi/i- 
poAa ynpyn/ix cbomctb noKpbm/m KanecTBeHHO He w3MeHfleTC* Ha yKa3aHHbix Macurra- 
6ax. 

Ha (fci/ir.2 npeACTaB/ieHO M3MeHeHi/ie ynpyroro m B*3Koro MOAyi* G'i 6" c nac- 
totom bo 3 Ae m ctb m a f a™ HeBynKaHH3wpoBaHHoro 4)TopwpoBaHHoro a/iacTOMepa 
"Viton® FreeFlow™ SC-PW", KOTopbm Mbi i/icnonb30Banw b npwwiepe 1 nnn yBenime- 
HMfi CKopoc™ 6e3Aecf>eKTHo£i 3KCTpy3MM. TaKow MaTepwan oSnaAaer Manofi aAre3wew 
k pacnnaBy nonwsTi/meHa, ho yBennMeHne MaKCi/iManbHofi cKopocTi/i 6e3Ae(fceKTHoii 
3Kcrpy3MM npw Mcnonb30BaHWM 3Toro MaTepwana a^h noKpbrn/m HeBenwKO, t.k. Ha 
nacroTe noflBJieHMfl Ae*eKTOB (20 Tu) cooTHOtueHwe Me>KAy ynpyrnwi MOAy/iewi m b*3- 
kmm MOAyneM G7G" < K 2 . M3BecTHO, hto npwMeHeHwe Ao6aBOK HeBynKaHM3MpoBaHHO- 
ro cjDTopwpoBaHHoro anacroMepa Dynamar a™ yBenwHeHi/m CKopocTi/i 6e3Aec|)eKTHoCi 
3KCTpy3MM 6onee scjDcjDeKTHBHO, newi ncnorib30BaHMe Ao6aBOK Viton [1]. Ha cfci/ir.3 
npeACTaBneHO W3MeHeHwe ynpyroro w BA3Koro MOAyJi* G', G" c HacroTow B03AefiCT- 
BMfl f aji« HeBynKaHM3wpoBaHHoro cfrropi/ipoBaHHoro anacTowiepa Dynamar. 1/13 rpacj^w- 
kob bmaho, hto OTHOiueHwe ynpyroro MOAynn k B«3KOMy MOAy/iK) Ha xapairrepHOM Mac- 
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TOTe noflBJiem/ifl fleece ktob aji* 3Toro MaTepnana 6onbiue newi ppa MaTepwana Viton ( 
G7G" > K 2 ), oflHaKO He BbinonHfleTca ycnoBi/ie (G7G") 0 > KL. 

Heo>KMflaHHO Mbi o6Hapy>KMJiM, hto npi/i BbinonHeHMW o6owx ycjioBi/iw: G7G" > 
K 2 n (G7G") 0 > KL aji* MaTepuna noKpbm/ifl, MaKCWMajibHaa CKopocTb 6e3Ae<$eKTHOM 
3KCTpy3MM 3Ham4TenbHo yBennHMBaeTCfl no cpaBHeHi/iro c TexHi/mecKMMM peweHWfiMi/i, 

M3BeCTHbIMM M3 ypOBHfl TeXHMKM. 

TepMMHbi "pe3MHa n , "ynpyn/m MaTepi/ian" m "anacTi/NHbifi MaTepnan" b TexHwne- 
ckom riMTepaType - CMHOHWMbi. OflHaKO Ha npaiai/iKe pe3MHOM (anacroMepoM) Ha3bi- 
BaiOT He TonbKO TaKOM MaTepwan, KOTopbifi y>Ke o6naAaeT ynpyrMMM (anacTMMHbiMM) 
cbo ft ctb a m i/i , ho m TaKOM, KOTopbiw wio>KeT npwo6peTaTb ynpyn/ie CBOWCTBa b pe3ynbTa» 
Te XMMMHecKOM m/mjim TennoBOM o6pa6oTKM. noaTOMy cneflyeT pa3/ii/iHaTb cwpyra pe- 
3MHy (naTeKC, cbipow anacTOMep), He i/iMeiomyK) CBfl3ew Me>KAy MoneKynawin, KOTopaa 
flBrmeTca nnacTHMecKHM MaTepwanoM, m co6cTBeHHO pe3MHy (ynpyn/iw anacTOMep), 
KOTopan wiweeT cbh3m Me>Kfly MoneKynaMM. 3tm cb«3M MoryT 6biTb KOBaneHTHbiMW, 

BOflOpOflHbIMM, MOHHbIMM 1/1 C})M3MMeCKMMI4. KOBafieHTHbie CBA3I/1 COeflMH«K)T aTOMbt, 

KOTopbie MMeioT o6mne 3/ieKTpoHbi. ByjiKaHH3wpoBaHHbm anacTOMep, b kotopom wie- 
>Kfly MoneKynaMM ecTb KOBaneHTHbie CBH3M, He nnaBi/rrcfl npi/i HarpeBe, xoth M3MeHaeT 
cbom ynpyrwe CBOMCTBa. Ero mo>kho paccwiaTpMBaTb KaK OAHy MoneKyny c OMeHb 
6onbiiiMM MoneKynfipHbiM Be com m cho>khom TpexMepHOM cTpymrypoM. ByriKaHM3Mpo- 
BaHHbiw 3/iacTOMep no/iyMajOT xuiMMHecKOW m/mhm TermoBoft o6pa6oTKOM cbiporb sna- 
CTowiepa. HanpwMep, cbipow ajiacTOMep CMeuii/iBatOT co caiMBaioiUMMM areHTawiw m 
KaTanw3aTopaMM npoi4ecca BynKaHM3aL4nn w HarpeBaiOT. 

Hcnonb3yewiyio Ha npaKTUKe TepMMHonoruK) ocno>KHfleT tot (fcaKT, hto Ha npaK- 
TMKe ByriKaHM3MpoBaHHbiM anacTOMepowi i/mn pe3MHOM Ha3biBaK)T He TonbKO cawi ana- 
CTOwiep, ho n CMecb axiacTOMepa c HanojiHi/rrenflMM, aHTiioKCMAaHTaMM, Macnawin, m 
t.a. flosTOMy TepMMH u ByiiKa hi/13 i/i poBaHHbifi 3nacT0Mep M cooTBeTCTByeT TepMMHy w pe- 
31/iHa", noflpa3yMeBa^, hto oh b o6ujeM cnynae viMeeT cno>KHyio KOMno3MLimo. Ha 
dpwr.4 m (Jwr.5 rpacJwHecKfi npeflCTaBjieHO H3MeHeHi/ie ynpyroro m B*3Koro MOAyna c 

MaCTOTOM B03AeMCTBMfl flf]* By/lKaHl/13MpOBaHHblX CMnWKOHOBblX anacTOMepoB. Bmaho, 

hto a^i« ByjiKaHi/i3MpOBdHHbix 3/iacTOMepoB G7G"> K 2 w (G7G") 0 > KL. HoaTOMy Byn- 
KaHM3i/ipoBaHHbie 3/iacTOMepbi wioryT ac^c^eKTMBHo npi/iwieHfiTbca b KanecTBe MaTe- 
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pwana AJi* ynpyroro noKpbrrwfl, mto npoAeMOHCTpwpoBaHo b npuMepax pea/iM3aqnM 
npeAnaraewioro TexHMMecKoro peiueHM*. 

SnacTOMep, b kotopom nonnMepHbie Lienw coeflMHeHbi CB«3flMM, 6onee cxia- 
6biMM no cpaBHeHMK) c KOBaneHTHbiMM cb*3*mi/i, pa3MflPHaeTCfl npi/i HarpeBe m Ha3bi- 
BaeTCH TepMonnacTMMHbiM anacTOMepowi. Ha cjDwr.6 1/1 cjDnr.7 rpacjMMecKW npeflcraB- 
neHO M3MeHeHne ynpyroro m B*3Koro MOAyrm c MacTOTofi b 03 a© \a ctb m h ah* Tepwionna- 

CTMHHblX CMHUKOHOBblX 3/iaCTOMepOB "TTI3-120 M 1113-80 npOH3BOflCTBa KOMnaHMM 

Wacker npw 165°C. 3tm anacTOMepw pa3MflmaK)TCfl npi/i TewinepaType Hi/i>Ke Tewine- 
paTypbi 4>opMOBaHM«. Bmaho, mto a^a 3Tmx TepMonnacTMMHbix snacTOMepoB Bbinon- 
H^iOTCfl ycnoBMH G7G"> K 2 m (G7G") 0 > KL, T.e. ohm MoryT 6biTb Mcno/ib30BaHbi ana 
HaHeceHM5i ynpyroro noKpbrraa. Ha cjDnr.8 npeACTaBneHo M3MeHeHne OTHomeHi/i* yn- 
pyroro MOAyn^ k BH3KOMy MOAyJiJO nna noni/iamneHa w p*Aa anacTowiepoB. 

flrm nepepa6oTKM m cfjopiviOBaHMfl yKa3aHHbix repMonnacTMMHbix noniiMepHbix 
waTepnanoB i/icnojib3yeTC*i o6opyAOBaHwe, npewMymecTBeHHO M3roTOBneHHoe M3 wie- 
ran/ia, HanpMMep, MyHALUTyKM, cfcmibepbi, Tpy6bi, Kopnyca m bmhtw a KCTpy a© p o b . 
06bNHO Mcnonb3yeMbie MeTaxinbi BKnrcmaiOT wHCTpyMSHTanbHyK) m nerwpoBaHHyK) 
CTarib, HepwaBeiomyK) CTa/ib, 6poH3y, MeAb, HMKenb. flononHWTeribHO, noBepxHOCTi/i 
iweTannoB Moiyr MMeTb noKpbi™* ana yMeHbiueHvm a6pa3MBHoro M3HOca w Koppo3MM, 
HanpwMep, ra/ibBaHWMecKMe noKpbiTi/m M3 xpoMa, nnaTMHbi h poAWfl. 

MoneKynbi ynpyroro noKpbrrna Moryr npwKpennHTbc* k noBepxHOCTW nocpeACT- 
bom KOBa/ieHTHbix, boaopoahwx w noHHbix CB^3ew. B cnyMae, ecnw MoneKynbi ana- 
croMepoB, oca>KAeHHb!e Ha noBepxHOCTb, CBH3aHbi c noBepxHOCTbio TonbKO cna6biMM 
CM/iawiw Me>KMoneKyn«pHoro npmwKeHM* (BaH-Aep-BaanbcOBbi curibi), to Henb3* ro- 

BOpMTb O nOKpblTMM, a TOJlbKO O nOABM>KHOM CJlOe CM33KH Ha nOBepXHOCTM, TaK KaK 

noA B03AewcTBweM ABHweHM* pacnnaBa nonwiviepHoro MaTepwana npoi/icxoAMT nepe- 
ABM>KeHMe MoneKyn BAonb noBepxHoc™, T.e. MaTepwan Ae4>opMMpyeTca nnacTi/wecKi/i 
(TeneT BAO/ib noBepxHOCTM). MoneKynbi TepMonnacri/iMHbix anacTOMepoB CB*3biBaioT- 
ch c noBGpxHOCTbfo nocpeACTBOM npoMHbix boaopoahwx unw MOHHbix CB«3eM. B npe- 
Aene tohkmx cnoeB TepMonnacTHMHbiw anacTOMep o6pa3yeT ynpyroe noKpbrrwe, cxo- 

>Kee no Cf)H3MHeCKi/1M CBOMCTBaM C TOHKMM CJlOeM ByjlKaHM3MpOBaHHOM pe3MHbl. Ho- 

aTOMy 3tm anacTOwiepbi Moryr acJxfceicTMBHo npwMeHflTbCH b KanecTBe MaTepwana pj\n 
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ynpyroro noKpbrrwfl, mto m npoflewioHCTpi/ipoBaHO b npuwiepax peanw3ai4MW npeana- 
raeivioro TexHunecKoro peiueHWH. 

TepMonnacTMHHbie snacrowiepbi, npi/io6peTaK>mwe npn HarpeBe cnoco6HocTb 
k nnacTMMecKow flecpopwiauwu, pa3flexwKDTCfl no CBoewiy crpoeHMK) Ha flBa Knacca: 
6/iok cononMMepw (c boaopoahom vmw cpM3WHecKofi CB*3bio Me>Kfly MoneKynaMw) w 

MOHOMepbl. 

BOAOpOAHbie CBH3M - 3TO npi/lTHWeHWe aTOMa BOAOpOAa, KOTOpblM CBH3aH c 

sneKTpooTpwuaTenbHbiM aTOMOM b oahom wioneKyne k aneKTpooTpwuiaTejibHbiwi aTO- 
wiawi b Apyrofi wiojieKyne. 1/loHHbie cbh3m B03HMKaioT M3-3a npnT«)KeHMj=i nonapHbix 

MOHHblX rpynn pa3HblX MOneKy/l. <t>M3MMeCKlie CBf13M - 3T0 CBJ13M, BO3HMKai0mwe Me>KAy 

MOJieKy/iawiw M3-3a pa3AeneHi/ifl cerwieHTOB wioneKyn 6hok- cononi/iwiepoB b o6i>ewie. 

B npocTOM cononwwiepe wioHowiepw AByx Twnoa nepewiewaHbi b 6ecnop*iAKe 
mjim MepeAytOTcn. B 6jiok- cononwwiepe wioHOwiepbi oahoto Tuna coeAMHeHbi b pjmh- 
Hyio uenoMKy, a MenoMKM AByx wrm 6o/iee wionowiepoB coeAWHeHbi KOHqawiM. Cononw- 
wiepw Moryr npo*BJi*Tb coBepuueHHO pa3Hbie cBOMCTBa npn tom *e xwwii/iHecKowi co- 
CTaBe, ho pa3Howi B3anMHOM pacnonoweHwi/i MOHOMepoB. Bjiok- conojiMwiepw c ABywifl 
6noKaMM npMMeHflfOTCA KaK noBepxHOCTHO-aKTMBHbie BemecTBa ana npuroTOBneHMJi 
cycneH3wft m swiyjibcwCi. Cononi/iwiepbi c Tpewin (win 6onbiue) 6jiOKawM npei/iwiymecT- 
bshho npMMeHflK>TCfl KaK TepMonnacTMMHbie anacTOWiepbi (JH3, TepMonnacTMHHbie 
pe3MHbi). Ohm coAepwaT "wecrKwe" cerwieHTbi c TewinepaTypofi cTeKJioBaHWfl Bbiiue 
KOMHaTHow TewmepaTypu w "M«n<Me" cerwieHTbi c TewmepaTypotfi CTeKnoBaHi/m 3Hami- 
TeribHO MeHbiue komh3thoCi. CooTBeTCTBeHHO, 6jiok- cononwwiepbi xapaicrepM3yioTca 
AByMfl 3HaMeHMflMM TewinepaTypbi cTeiuioBaHMfl. B t3kmx cwcTewiax weorme cerwieHTbi 
rpynnnpyioTCfl Bwiecrre m o6pa3yioT MHAWBi/iAyanbHbie MMKpocpa3bi b cpeAe wiarKi/ix 
cerwieHTOB, noAo6Hbie Miiuennawi b swiynbCMax. CoeAMHeHMe wecTKMX cerwieHTOB b 
MMKpocj3a3y pa6oTaeT KaK cpM3WMecKafl cBH3b ana wmnoix cerwieHTOB nonnwiepHOM Me- 
nu u o6ecneHMBaeT ynpyrocTb wiaTepi/iana. Ha noBbiiueHHbix TewmepaTypax wiHKpocfra- 
3bi >KecTKiix cerwieHTOB paswiflrMaioTCfl, hto no3Bon«eT nepepa6aTbiBaTb Tepwionna- 
cTMMHbiw anacTowiep noAo6HO o6bWHowiy Tepwionnacry. Oahbko npn He6onbuiowi npe- 
BbiiueHUM TewinepaTypbi cTeKJioBaHwa JKecTKMX cerwieHTOB, a<ecTKi/ie cerwieHTbi yAep- 
>KMBaK>TCfl Bwiecrre M3-3a HecoBwiecTHWiocTM c wmrKMwiw cerwieHTawiw, mto yBeriMMMBaeT 
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oTHOtueHMe ynpyroro MOflynfl k B*3KOMy MOflyn»o ana TI13 no cpaBHeHMK) c ocTanb- 
HbiMi/i nonwMepaMM. ripn AanbHeMweM noBbiuieHi/m TeMnepaTypw MMuen/ibi pacna- 
flaiOTCfl. BnoK cono/iMMepbi c mmcjiom 6/iokom 6onee ppyx Moryr wwieTb ni/mewHyK) 
cTpyicrypy mjim CTpyicrypy rpacjrr- cononwMepa, KorAa k wmrKOMy normwiepy npwBMTbi 
>KecTKne cerMeHTbi. Xopouio M3BecTHbi npuwiepw tpm-6jiok cononMMepoB: 

- Tn3-C - 6noK- cononMMepbi Ha ocHOBe CTMpona: c™poji-6yTaflweH- 
CTMpon (SBS), CTnpon-M3onpeH-CTMpon (SIS), m CTMpoj>3TMneH-6yTaAMeH-CTMpori 
(SEBS), 

- Tn3-E - 6hok- cono/iMMepbi wecTKMX m wmrKMX normscjDMpoB, 

- TF13-A - 6jiok- cononnMepbi >KecTKoro nojiwaMMfla m MarKoro mhoto- 
aTOMHoro cnwpTa (normo/ia). 

TepMonnacTMMHbie anacTowiepbi co CTpyicrypoM nwHefiHbix tpm-6jiok conoiiM- 
MepoB KOMMepnecKM AocrynHbi noA Aec^TKaMM ToproBbix HawMeHOBaHMw, Hanpwwiep: 
VECTOR® [32],Styroflex® [33], KRATON® [34], Evoprene® [35], w t.a. 

rionnypeTaHOBbie 6jiok- cononMMepbi TaioKe coctoht m "MflrKMx" cerwieHTOB c 
HM3KOM TewinepaTypow crreKnoBaHM* m "wecTKMx" cerwieHTOB, KOTopbie MMewT Tewme- 
paTypy CTeioioBaHi/ifl HaMHoro Bbiiue KOMHaTHofi TewmepaTypbi. Marine cerMeHTbi - 
3TO o6biHHO nonwacjDMp- wriM nonM3cjDMp-AMori c MoneKyn«pHbiM Becowi ot 500 ao 5000 
a.e., npenMymecTBeHHO ot 1000 ao 2000 a.e.. >KecTKMe cerMeHTbi o6biHHO BicniOMaiOT 

apOMaTMMeCKMM MJ1M anMCjDaTMMeCKMM AMH30l4MaHaT B COeAWHeHMM C HM3KOMOJieKyJlflp- 
HblM AMOfieM MJ1I/1 A^aMMHOM. KOM6MHaMMfl 3TMX "MATO/IX" M "wecTKMx" cemeHTOB 06- 

pa3yeT 6jiok cononwMep Tuna (AB) nt rAe n>1 . BonbtiiMHCTBo no/iMMepoB TepMOAMHa- 
MMHecKM HecoBMecrMMO v\ mx CMecui pa3Aen«K)TCfl. flawe ecnw noriMMepbi flBJiflKrrcn 
MacTbk) OAHofi MoneKyribi - 6jiok- conojinwiepa, ohm MoryT pa3Ae/ifiTbCfl b o6"beMe. 
HoriMypeTaHbi npoflBJiHKrr AByxcJ>a3Hyio o6*beMHyio m m Kpocrpyicry py w3-3a xmmmmgckom 
HecoBMecTMMOCTM Me>KAy MfirKMMM m TBepAbiMM cerMeHTaMi/i. B cny^ae nonMypeTaHOB 
>KecTKMe cerwieHTbi o6i>eAMHflK)TCfl b nonyKpMCTa/inMHecKMe AOMeHbi, a Mnriute cer- 
MeHTbi 4)opMMpyioT aMopct>Hyjo wiaTpMuy BOKpyr. 06-beAMHeHwe wecnuix cerwieHTOB b 
MMKpocf)a3y o6ecneMMBaeT c|DM3MHecKyK) CB*3b Me>KAy MO/ieKynaMM. FIommmo djpmme- 
ckom CB«3M Me>KAy MOJieKy/iaMM no/iMypeTaHbi MMefOT CMnbHbie BOAopoAHbie cb*3m. 
CBOMCTBa noriMypeTaHOBbix snacTOMepoB m mx XMMMHecKaa CTpyicrypa noApo6HO pac- 
KpbiTbi b TexHMMecKOM JwepaType [36,37]. 
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B OTHMMMe ot 3tmx M3BecTHbix npMM6HeHMM 6jiok- cononwMepoB b KanecTBe 
flo6aBOK ana M3roTOB/ieHMfl yflaponpoMHbix KOMno3MUMM, Hanpuwiep pj\n w3roroBJie- 
hwa yflaponpoMHoro nonncTupona, b npeAnaraewioM TexHMMecKOM peiueHi/iw npeAnon- 
TMTexibHO, HTo6bi KaK >K6CTKne, TaK m wmrKi/ie cerwieHTbi MoneKyn 6noK- cononwMepoB 
xapaKTepM30Banncb Ma/iow aAre3neii k nonnMepHOMy MaTepwany. Ana mhiki/ix cer- 
MeHTOB 6/iok- cononwMepoB Manyro aAre3MK> k nani/ione<t>i/iHaM wivieioT ci/moKcaHbi 1/1 
4>TopiipoBaHHbie ymeBOAopoAbi. CwnoKcaHbi coAepwaT ABa m/im 6onee aTOMOB KpeM- 

Hl/lfl, CBfl3aHHblX nOCpeACTBOM OAHOPO MJ1M HGCKOflbKMX aTOMOB KWCfiOpOAa. KOMMep- 

MecKM AOcrynHbi m Haw6ojiee AeweBbi noni/icwnoKcaHbi co cTpyicrypoM noriuiAWMeTi/m- 
cwnoKcaHOB, nonnflncfjeHnncunoKcaHOB, nonwMeTwncjDeHMncMnoKcaHOB, Hanpi/iwiep 
npoAyKTbi no ToproBOM MapKofi SILRES® ot cjDMpwibi Wacker [38], nonwMeTMJicfreHtiJi- 
cunoKcaH m nonnA^MeTMJicunoKcaH wmgkxt oneHb ra6KyK> ("MflrKyjo") MoneKynapHyio 
uenb, t.k. coceAHwe cba3m Me>KAy aTotviaMM KpeMHi/m m KwcnopoAa Moryr hoao6ho 

HO>KHMLiaM M3MeH«Tb yrOJl Me>KAy HMMM. 3TM HOJlMMepbl xapaKTepw3yrc>TCfl Hpe3Bbl- 

MaMHO hm3kom TeMnepaTypotf CTeKJioBani/m (-86°C m -123°C, cooTBeTCTBe h ho) . nonw- 
AMcj^eHMJiCMJioKcaH aHa/iorMMHO nonwcTMpony MMeeT "wecTKyro" CTpyKTypy uenw, Tewi- 
nepaTypy CTeKJiOBaHi/m Bbiiue KOMHaTHofi (49°C) v\ o6ecnem/iBaeT c|)M3WHecKyK> CB*3b 
Me>KAy nojiMMepHbiMn uien^MM. TepMon/iacrnMHbie pe3MHbi Ha ocHOBe 6jiok conojiw- 
MepoB, HanpwMep tpm-6/iok cononnMep co CTpyKTypow ABA, rAe A - noniWKfceHi/m- 
cunoKcaH, B - nojiMAMMeTMJicMJioKcaH, MoryT 6biTb nonyMeHbi aHanon/iHHO [39], wc- 
norib3yfl KMHeTMMecKM KOHTporiMpyeMyK) nonMMepw3ai4MK). Bjiok cononi/iwiepbi Ha oc- 
HOBe nonwcw/ioKcaHOB co crpyKTypoM ABA i/i (AB) n , rAe n > 1 , ynowiaHyTbi b [40]. M3- 
BecTHbi TepMonnacTMMHbie snacTOMepbi, BKnfOMaiomwe nojii/iAWMeTi/i/ici/moKcaH m we- 
CTKne opraHMMecKne cerwieHTbi. Mopcfconon/ifl i/i MexaHnnecKwe cbomctb3 cononwMe- 
poB Tuna ABA m (AB) n , rAe A - noni/iCTi/ipon, B - nonnAMWieTMncunoKcaH, n>1, 6binw 
BnepBbie i/i3yneHbi b HaMane 80-x toaob b pa6oTax [41 ,42]. Mopcfcojion/m m MexaHMMe- 
CKwe CBOMCTBa 6jiok cononwMepoB nojiMAMMejuncMnoKcaHOB c nonwypeTaHaMM n c 
MoneBMHOM 6biJiw M3yMeHbi b pa6oTax [43,44,45]. rioKa3aHO, mto b 06-bewie 3TMX Tep- 
wionxiacTMHHbix nonwMepoB npowcxoAWT MWKpocfea3Hoe pa3AeneHwe, hto o6ecneHWBa- 
eT ynpyrae CBOMCTBa MaTepwana. TepMonnacrwMHbie anacTOMepbi Ha ocHOBe orrix 
6jiok cononwMepoB i/!MeK>T HaMHoro 6onee xiymune wiexaHMMecKwe CBOMCTBa no cpaB- 
HeHMK) c o6bNHbiMM CMfinKOHOBbiMM pe3MHaMM. MHoroHMcneHHbie npMMepbi TepMO- 



nnacTMHHbix 6jiok cononiiMepoB Ha ocHOBe cwnoKcaHOB, CTwpona m ero npoM3BOflHbix 
npeflcraBneHbi b naTeHTax [46,47]. Mopcfconoraa n CBOMCTBa anacTowiepoB Ha ocHOBe 
6jiok cononnMepoB no/iMflMMeTi/incMJioKcaHa c nonwypeTaHaMM m MoneBMHOw 6binn 
AeTaribHO M3yMeHbi b pa6oTe [48]. Chrpyicrypa m CBOMCTBa 6/iok conoiiMMepoB cmjiok- 
caHOB n nonnypeTaHOB M3no>KeHa b naTeHTax [49,50,51]. MopcjDonon/iH HeKOTopbix 
flpyrwx 6noK conojiMMepoB nojiMflMMeTuncunoKcaHa M3yneHa b [52], 

Mcnonb30BaHMe c KaMecTBe floSaBOK TepMonnacTMMHbix anacTOMepoB c xmmm- 
MecKOM crpyKTypow 6jiok conormMepoB M3 wecTKMx norwMepoB (A) v\ mato/ix noriMMe- 
poB (B), rfle >KecTKwe nonMwiepbi xapaKTepM3yK>TCfi TewinepaTypoii CTeicnoBaHMfl Bbiuie 
KOMHaTHOM, ho HM>Ke TeMnepaTypw cJ)opMOBaHMfl yKa3aHHbtx nonwonecfDMHOB, no3BO- 
nfleT HaHOCMTb ynpyroe noKpbmie oca>KfleHMeM flo6aBOK, t.k. npn TewinepaType c£op- 
MOBaHMH TaKMe anacTOMepbi cnoco6Hbi k nnacTMHecKow fle<£opMauMM. Mcnonb30Ba- 
Hue b 6noK cononMMepax M^rKnx anacTOMepoB c TewinepaTypoii cTeKnoBaHwa HM>Ke 
KOMHaTHOM ynymuaeT ynpyrwe cBOMCTBa noKpbmifl. Hcnonb30BaHMe jiMHewHbix 6noK 
conojiMMepoB A(BA) n , rfle n>0, mjiw (BA) m , rfle m>1, mjim rpacjrr- conoriMMepoB, Korfla 
k wmrKOMy nonnwiepy npMBMTbi, no KpaCiHePi wiepe, flBa 6oKOBbix ceriweHTa >*cecTKMX no- 
jiMMepoB, ynymuaeT ynpyrwe CBowcTBa noKpbrrwfl m yBexiMHi/iBaeT 6e3fle<t>eKTHyK) cko- 
pocTb 3KCTpy3ww. npeMMymecTBeHHO, flrifi HaHeceHiia ynpyrwx noKpbiTMM cneflyeT mc- 
noxib30BaTb TepMonnacTMMHbie onacTOMepbi c TeMnepaTypofi CTeicnoBaHi/m wecTKi/ix 
cerivieHTOB Bbiuie TeMnepaTypw nnaBneHM* nonnMepnoro MaTepwana, TaK kbk otho- 
iueHi/ie ynpyroro MOflyna k B*3KOMy MOfly/iio B03pacTaeT c yMeHbuueHweM pa3HMUbi 
Me>Kfly TeMnepaTypow CTeicnoBaHMfl flo6aBOK m TewinepaTypoii cfcopwioBaHi/m. Otho- 
ujeHwe ynpyroro MOflyjia k Bfi3KOMy MOflynio B03pacTaeT TaioKe npw Mcnonb30BaHMM b 
KawecTBe MarKi/ix cerivieHTOB noriMMepoB c TewinepaTypoii cTeKnoBaHU* HawiHoro 
wieHbuie KOMHaTHOM TeMnepaTypbi. 3HaneHMfl TeMnepaTypw CTeicnoBaHMJi ah* HeKO- 
Topwx nonMMepoB npMBefleHO ati* cpaBHeHMa b Ta6/iMi4e 1. 



Ta6nML4a 1 ; 



nojiMMep 


TeMnepaTypa CTeKnoeaHMH 


nojiM3cJ)Mpcynbct)OH 


190°C 


nOJIMBMHMJinMppOJIMflOH 


160°C 
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no.ni/iK3p6oH3T 6wccpeHona A 


150°C 


nonwMeTMnMeT3KpMJi3T 


120°C 


no/iMCTwpon 


100°C 


nojiMTeTpscpTopaTMneH 


-73°C 


nojiMMeTnn4)eHMncMJioKC3H 


-86°C 


nonnflMMeTuncunoKcaH 


-123°C 



Mcnojib30BaHwe b KanecTBe wecrmx cerMeHTOB noni/iMepoB W3 cneAyiomew 
rpynnbi: normscjDMpcynbcfcoH, nonuBMHi/inriMpponi/iAOH, n on w m eTi/in m eTa Kp i/i n aT , nonn- 
CTi/ipon, >k6ctkmm nojiMMMMfl, noni/iypeTaH, no3BOJifieT yBenuMMTb apjrezvuo noKpbrri/m k 
MeTaxinaM m ynpyrae CBOMCTBa noKpbm/m, T.e. yMeHbUJMTb w3hoc noKpbrrwfl m yBenw- 
Mi/iTb CKopocTb 6e3AecJ>eKTHOM 3KCTpy3MM. Mcnoxib30BaHMe b KaMecTBe M^rKMX nonw- 
MepoB nonwMepoB 1/13 cjieAyK>meM rpynnbi: noxiMAHMeTWJiCMnoKcaH, noni/iMeTi/incfre- 
HM/icwjioKcaH, noriMTeTpac^TopaTuneH, 4>Topi/ipoBaHHbM noni/isTwneH, MarKi/ie cono- 

JlMMepbl 4>TOpMpOBaHHblX nOJlMOJiec{DMHOB C COOTHOLUeHMeM aTOMOB cjrropa k aTowiawi 

ymepoAa He MeHee 1:2, no3BOii*eT yMeHbUJWTb aAre3WK) ynpyroro noKpbiTMfl k pac- 
nnaBy nonwoJiecfcMHOB, T.e. yBeni/NMTb CKopocTb 6e3Aec|DeKTHOw 3KCTpy3ww. 

MHon/ie copTa pe3WHbi c KOBaneHTHbiMM cbh3*mi/i wjim ByriKaHM3MpOBaHHbie 
anacTOMepbi TepafOT cboi/i ynpyrae CBOMCTBa npw HarpeBe, era ho batch nunKMMW m 
pa3naraioTCfl npi/i TeMnepaType 180 - 200°C, xapaicrepHOM aha nepepa6oTKi/i noriM- 
MepHbix wiaTepwanoB 3KCTpy3MeCi. CpeAM coptob ByjiKaHW3i/ipoBaHHbix snacTOMepoB 
(pe3MHbi), coxpaHfiioiAMX ynpyrocTb npn TeMnepaType <£opMOBaHW* TepMpnnacrwM- 
Hbix nonwiviepHbix MaTepwanoB, mo>kho BbiAeriMTb ABe HanSonee CTOMKne k HarpeBy m 
anacTMHHbie npi/i TeMnepaType cfDopMOBaHM* TepMonnacTMMHoro MaTepwana rpynnbi: 
• <t>TopwpOBaHHa* pe3MHa, T.e. pe3MHa, nonyHeHHaa BynKaHM3ai4M- 
ew 4>TopnpoBaHHbix 3/iacTOMepoB c MO/ieKyrmpHWM BecoM He MeHee 10 
000 npw cooTHOujeHuw MMcna aTOMOB 4>Topa k aTOMaM ymepoAa ne MeHee 
1:2, b MacTHOCTM, pe3MHa, nonyqeHHafl BynKaHi/i3aui/ieii noriHocrrbK) cjrropi/i- 

pOBaHHblX 3JiaCT0Mep0B, 
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• cwjiwKOHOBa* pe3MHa t T.e. pe3MHa, nonyHeHHa* BynKaHM3ai4we£i 

CMJIMKOHOBblX SJiaCTOMepOB, M B MaCTHOCTM, 4>TOpHpOBaHHafl CWJll/IKOHOBafl 

pe3i/ma, T.e. pe3WHa, nojiyMeHHaa BynKaHH3aL4wew cfyropwpoBaHHbix cmjimko- 
HOBbix anacTowiepoB c cooTHoaieHMeM Koni/mecrBa axoMOB 4>Topa k aTO- 
M3M ymepofla He wieHee 1 :2. 
TepMMH u ByxiKaHM3ai4Mfl pe3MHbi M MOweT 6biTb onpefleneH KaK peaKbtwfl, b koto- 
pow MaTepnan npwo6peTaeT cnoco6HOCTb k o6paTMMoii Ae4>oP Ma M MM nofl flewcTBi/ieM 
MHoroKpaTHOM Harpy3KM b pe3ynbTaTe o6pa30BaHi/m KOBaneHTHbix CBfl3efi wie>Kfly mo- 
neKynaMM. Cyu4ecTByeT Tpw ocHOBHbix MexaHM3Ma BynKaHM3ai4MM cunnKOHOBbix ana- 

CTOMepOB, C|DTOpi4pOBaHHbIX 3JiaCTOMepOB, C{DTOpMpOBaHHblX SJiaCTOMepOB, MOflMCpM- 

MMpoBaHHbix cunaHOM, m cononwviepoB ctDTopwpoBaHHbix norMMepoB c cunaHOM: 

• CBo6oflHO-paflMKanbHbiM MexaHM3M, 

• nonuKOHAeHcaunfl, 

• ruflpocunnpoBaHne. 

ByjiKaHM3ai4Mfl cfcTopwpoBaHHbix anacTOMepoB \n nonwcwioKcaHOB wioweT npo- 
wcxoflMTb no CBo6oflHO-paAMKaribHOMy MexaHi/i3wiy npw HarpeBe b npucyTCTBMM cluw- 
Baiomwx areHTOB, Hanpniuep, npw TennoBOM pa3no>KeHMM opraHMMecKMX nepoKCMflOB 
(ciuMBaiomiix areHTOB). CymecTByioT HecneuwctwHHbie m cneuwcjMHHbie k bwhmji rpyn- 
ne nepoKCMAW. riepoKCMflbi, cnemictMHHbie k bmhmji- rpynne, o6ecnem/iBaK)T BynicaHM- 
3ai4MK) anacTOMepoB, coAepx<ami/ix bmhhji- rpynnw. OnTMManbHoe cooTHOiueHwe wie- 
>Kfly Koni/mecTBOM cbipwx 3nacTOMepoB m nepoKCMAOB M3BecTHO M3 TexHMHecKOM m na- 
TeHTHOM nuTepaTypw. Cepbe3HbM HeAOCTaTOK b ncnoiib30BaHMM opraHi/mecKi/ix ne- 
Pokcmaob a™ ByjiKaHM3ai4MM b tom, MTO ohm MoryT npon3BOAMTb norm wiepi/i 3 a 141/110 He 
TO/ibKO anacTOMepa, ho m caMoro TepMonnacTMHHoro MaTepnana. 

riepoKCMAbi lunpoKO Mcnonb3yK)TCJR TaioKe j\na MOAwcjMKaMW/i nonwonec^MHOB 
opraHO-c|)yHKLiMOHanbHbiMM cwnaHaMM, HanpuMep Bi/iHMJiTpMMeTOKCi/i- cwnaHOM i/irm 
BMHM/1TPM3TOKCM- CMnaHOM. npwcoeAMHeHwe opraHoefcyHKUMOHajibHbix cwnaHOB c ner- 
KorMAPonn3yeMbiMM rpynnawii/i k nonwMepHbiM MoneKynawi, HanpwMep wioneKynawi 
ct>TopnpoBaHHbix anacTowiepoB mjim MoneKynawi nojiwcvmoKcaHOB, no3BormeT npoBO- 
AWTb ByxiKaHM3ai4MK) cbiporo anacTOMepa no peaKunw noJiMKOHAeHcauwn, T.e. b npi/i- 
cyTCTBMM napoB BOAbi. XnMnnecKa^ KOMno3Mi4iifl i/icnonb3yeMbix b npowibiiuneHHOCTM 



nepoKCWflOB 1/1 cvmaHOB m TexHonori/ia MOflMc£MKai4i/iM nonwMepoB cwnaHaMi/i noAPo6HO 
M3no>KeHbi b [53], 

KOMn03MI4MM Ha OCHOBe CMJIOKCaHOB, MOAMCjDMMMpOBaHHblX CMJiaHOM, CO- 

nonwMepoB cwnoKcaHOB v\ opraHO-<£yHKi4i/ioHanbHbix cunaHOB, Macro ncnonb3yK)TCfl b 
aflre3MBax, BynKaHM3i/ipyiou4Mxcfl nofl flewcTBueM napoB BOflbi Ha B03Ayxe npw kom- 
HaTHOM TewinepaType no peaKLinw nonMKOHfleHcai4WM. flna toto, mto6w npeflOTBpaTMTb 
BynKaHM3auMK) noA AewcTBiieM napoB BOAbi bo Bpewm xpaHeHvm, b cocraBe TaKi/ix 
KOMno3ML4MM AononHirreribHO npw cyTCTBy k>t nerKorwAPonw3yeMbie opraHO- 
c|3yHKi4MOHanbHbie cwnaHbi c TeMnepaTypow KwneHi/iH b Awana30He 120 - 160°C, Ha- 
npuMep TpMMeTOKCMCMnnnnponaH. TaKne Ao6aBKW pearnpyioT c boaom, npoHMKaioiJueii 
b ynaKOBKy, m npeAOTBpauiaiOT BynKaHM3auiMK) nonuwiepHbix MO/ieKyn. Ha otrphtom 
B03Ayxe neTyMwe cwnaHbi wcnapflKyrca m KOMno3Mi4WM m nojii/iMepbi BynKaHi/i3wpyioT- 
cfl. nonynpoAyKTaMM npoqecca cluhbki/i ABnaioTCfl nexyHne coeAMHeHHfl, Hanpi/iMep, 
cnwpTbi, yKcycHaa KucnoTa m aMHHbi. 

ByjiKaHM3auM« cjrropwpoBaHHbix anacTOMepoB, MOAncjDMLiwpoBaHHbix opraHO- 
4)yHKL4HOHanbHbiMM cM/iaHaMM, conoriMMepoB ctDTopnpoBaHHbix 3/iacTOMepoB n opra- 
HO-4>yHKUMOHanbHbix ci/maHOB, ci/moKcaHOB, MOAMcjDMUMpoBaHHbix opraHO- 
4>yHKMMOHaribHbiMM cunaHaMM m cononwMepoB cwnoKcaHOB m opraHO- 
4)yHKLJiMOHanbHbix ci/maHOB wio>KeT nponcxoAHTb b npwcyTCTBMW napoB BOAbi w KaTanw- 
3aTopa. TaKne anacTowiepbi mo>kho ncnonb30BaTb b KanecTBe OAHOKOMnoHeHTHOM ao- 
6aBKM. ByjiKaHM3aunfl CMecu nerKon/iAPOJiM3yeMbix cwnaHOB m c^TopupoBaHHbix axia- 
croMepoB c ruApoKCMJi rpynnaMM nnw nonncwnoKcaHOB c ruAPOKCun rpynnawin TaioKe 
MO>KeT nponcxoflMTb no peaKLii/in noriMKOHAeHcauuM, T.e. b npi/icyrcTBi/iM napoB boaw. 
CMecw TaKi/ix 3nacTOMepoB c CMJiaHaMU mo>kho ncnojib30BaTb b KanecTBe AByxKowmo- 

HeHTHOM A06aBKM. 

Pe3MHa, KaK m 6onbuiMHCTBO noiiMMepHbix MaTepi/ianoB, npoHiiuaeMa pj\a 
napoB BOAbi, noaTOMy npw ycnoBMW nonaAaHi/m napoB boaw Ha bnxoa cfeopMyrounero 
ycTpoiicTBa, HanpuMep, MyHAUJTyKa, BynKaHi/i3aLJii/m cooTBeTCTByjomwx cbipwx 
snacTOMepoB wni/i cMecu anacTOMepoB c ci/maHaMW, cnoco6Hbix k BynKaHM3a 141/11/1 b 
npi/icyrcTBi/ii/i BOAbi no peaKUMM no.n1/iKOHAeHca14wn, wio>KeT npoi/icxoAWTb He TonbKO ria 
BbixoAe MyHAUJTyKa, ho m Ha HeKOTopoM paccTOHHi/iw ot BbixoAa. Ecni/i He npiiHWMaTb 
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cneLiwanbHbie Mepw a™ ocyuiKW B03flyxa, o6flyBajounero bwxoa (fcopMyiomero 
ycTpowcTBa, to napbi boah, HopMaribHO npHcyrcTByromne b B03Ayxe, o6ecneMMBaK>T 

ByJlKaHM3ai4l4K) nOKpblTMfl B6/1M3M BblXOfla M3 C|30pMyK5LUerO yCTpOMCTBa. flHMHa CJlOfl 

BynKaHH3i/ipoBaHHo£i pe3MHbi b6jim3W Bbixofla onpeAenfieTC* CKopocrbK) AW<fc4>y3Mi/i 
napoB BOflbi b pe3MHe m yBeni/iMMBaeTC* co BpewieHeM. fJna fwfydpyww napoB boaw 
BHyrpb pe3MHbi Ha my6i4Hy 2 mm Tpe6yeTC* 6onee 2 nacoB. TonmnHa 
o6pa3yK)Liieroc« noKpbm/m b 3tom cjiywae 6yAeT nepeMeHHoii, a MMeHHO - c 
yBenMMeHweM tojilamhw noKpbrma b CTopoRy BbixoAa M3 4>opMyK>mero ycTpowcTBa, 
Hanpi/iMep, BbixoAa M3 MyHAurryKa. Ecnw He npuHMMaTb cneuwanbHbie Mepw no 
yAaneHMK) boaw W3 nonnMepHoro MaTepwana, to BynKaHM 33141/1^ hoa A©wcTBi/ieM 
napoB BOAbi, pacTBopeHHbix b nonwMepHOM MaTepwane, MO>KeT npowcxoAWTb 1/1 
BHyTpw aKCTpyAepa. CoAepwaHi/ie napoB boaw b t3kmx HenormpHbix nonwMepax, kbk 
nojiwonecfcwHbi, cocTaBnaeT 30 - 60 Macrew Ha mmjijimoh, a pj\* cononi/iMepoB c 
nojifipHbiMM rpynnaMM Tuna STUXiBMHunauieTaT cocrraBnfleT 300 - 400 nacTew Ha 
MwnnwoH. 

CKopocTb peaKunw noiiuiKOHAeHcamiM 3HaHi/rrenbHO B03pacTaeT b n p m cyTCTBM m 
KaTa/iM3aTopa. flrm peanunw norwKOHAeHcauMi/i H3BecTHbi KaTanw3aTopbi Ha ocHOBe 
coeAMHeHMM BKJiKDMarainMX, ho He orpaHnneHHbix MeTarmaMM w coeAHHeHi/iflMM wie- 
TannoB m cneAyfomew rpynnbi: ojiobo (Sn), tmt3H (Ti) t CBUHeu (Pb), Ko6aribT (Co), 
KaAMMM (Cd), KaribUMM (Ca), limpkohmm (Zr). 

flpyrow cnoco6 ByriKaHM3aL|i/ii/i cwriMKOHOBbix 3/iacTOMepoB, cJrropwpoBaHHbix 
anacTOMepOB m c^TopnpoBaHHbix cmiwKOHOBbix snacTOMepoB, coAepwami/ix bmhi/u> 
rpynnbi, - 3TO n/iApoci/mwpoBaHi/ie (hydrosilation) - T.e. peaKi4i/m c CM/iOKcaHaMU, co- 
Aep>KaiAMMM rpynnbi KpeMHwfi-BOAopoA Si-H. CooTHOweHi/ie Me>KAy ciinoKcaHaMi/i, co- 
Aep>Kau4MMM Si-H rpynnbi, 11 nonnMepaMM, coAepwamwMH bmhm/i- rpynnbi, MO>KeT ko- 
ne6aTbc« b ujupoKOM Awana30He ot 1:1 ao 1:100. Tmapma- h bmhmji- rpynnbi Moryr 
6biTb MacT^MM oahom nojit/iMepHoft qenoMKM cwriMKOHOBoro anacTOMepa mjim cfcnropM- 
poBaHHoro cwjiMKOHOBoro snacTOMepa. Peaiou/ia 3HaMMTenbHO ycKopaeTCfl npw yBerm- 
MeHMM TeMnepaTypbi m b npMcyrcTBW/i KaTani/i3aTopa (nnaTMHOBoro vinw poA^eBoro 
KOMnneKca, xot* cymecTByiOT v\ APyrwe KaTani/i3aTopbi Ha ocHOBe MeTannoB nnaTHHO- 
Bofi rpynnbi). B naTem-e [54] noKa3aHO, hto KaTanwTMHecKoPi aKTWBHOCTbio oSnaAaeT 



26 



HMCTbiw MeTaxiJi nnaTMHbi, Hanpuwiep nnaTMHa, oca>KfleHHafl Ha aKTi/iBMpoBaHHbiM 
yrorib mjim MenKOflMcnepcHyio OKMCb anioMi/iHi/iH. B naTemre [55] noKa3aHa KaTani/iTW- 
MecKa^ aKTMBHOCTb AMOKCMfla nnaTMHbi. BbinonHeHne tow noBepxHOCTM ycTpowcTB An* 
4>opMOBaHM« pacnnaBa nojiwwiepa, KOTopaa npeAHa3HaneHa a^a KOHTaicra c pacrma- 
bom nonwMepa, c Ao6aBKaMM wieTannoB i/i/i/ijih coeAMHeHMW MeTamiOB, a TaioKe mx 
cnnaBOB, BK/itonaiomMx MeTannw m nnaTMHOBOM rpynnbi: rmaTWHa (Pt), nannaAww 
(Pd), poAMM (Rh), i/ipiwiM (Ir), pyTeHMM (Ru), ocmmm (Os), o6ecneMWBaeT BynKaHi/i3a- 

\jyi\0 CJlOfl CtUI 14 KO HO BO ft pe3MHbl B peaKi4nw rMApocwriMpoBaHMfl Ha nOBepXHOCTM. 
TafibBaHMMecKne noKpbrra* Ha ocHOBe rinaTi/mbi, nannaAH* w poamji no3BonflK)T nony- 
MMTb npoHHyio, M3HococTOMKyK) noBepxHOCTb c xopowew aAre3Mew CMJIMKOHOB K TaKOM 

nOBepXHOCTM. 

Bo3MO>KeH BapnaHT, b kotopom Ha pe3MHy OAHoro copTa HaHOCMTCfi ynpyroe 
noKpbiTwe M3 pe3WHbi Apyroro copTa. B MacTHOCTM Ha noBepxHOCTM cmjimkohobom pe- 
3MHbi MOweT npowcxoAMTb oca>KAeHMe m BynKaHi/i3aL4Wfl 4rropnpoBaHHOW cmjimkohobom 
pe3MHbi i/inn 4)TopMpoBaHHOw pe3MHbi Ha ocHOBe ymeBOAopoAOB. l/l3BecTHO, mto cop- 
Ta cwnwKOHOBOM pe3MHbi, cnoco6How k BynKaHM3aL4MM noA AewcTBweM napoB BOAbi, 
MMejoT xopoujyKD aAre3M»o k wieTanny w OKMcnawi MeTannoB i/i MoryT 6biTb Mcnorib30- 
BaHbi a™ yBenwMeHMfi aAre3i/m noBepxHoc™ k APyrMM copTawi ci/uimkohobow pe3WHbi. 
Ha noBepxHOCTb TaKofi cmjimkohobom pe3MHbi wio>KeT npoficxoAWTb oca>KAeHwe <£to- 
pwpoBaHHbix anacTOMepoB, Hanpwwiep ctrropwpoBaHHbix cwiwkohob, cnoco6Hbix k syn- 
KaHM3ai4MM b n p m cyTCTBM m napoB BOAbi. Mcnorib30BaHMe TaKoro MHorocnoMHoro ynpy- 
roro noKpbiTH5R no3BonaeT ywieHbLUMTb a6pa3MBHbiM H3HOC. B Apyrowi BapwaHTe Ha no- 
BepxHOCTb ByxiKaHM3MpoBaHHOM CMJiMKOHOBOw pe3MHbi npowcxoAWT oca>KAeHMe ynpy- 
roro nbKpbiTMH 1/13 TepwionnacTHMHOM cwmkohobom pe3MHbi. B cneAyromeM Bapi/iaHTe, 
Ha noBepxHOCTb CHana/ia HaHocfiT enow ynpyroro noKpbiTMfl M3 cmjimkohobom pe3MHbi, 
coAepwamew b KaMecrree Hano/iHWTerm wni/i Ao6aBOK coeAHHeHwa mjim nopoiuoK wie- 
TannoB m cn/iaBOB MeTannoB nnaTi/iHOBoii rpynnbi. TaKOM enow cmjimkohobow pe3MHbi 
MO>KeT 6biTb HaHeceH ocax^eHi/ieM aoSsbok, cnoco6Hbix k BynKaHM3ai4i/iw b peaKUWM 
no/iMKOHAeHcauiMM. TorAa Ha noBepxHOCTM TaKow pe3MHbi MO>KeT npowcxoAWTb BynKa- 
HM3ai4Mfl cmjii/ikohob APyoro copTa, a wwieHHO - Tex chjimkohob, KOTopwe cnoco6Hbi K 
BynKaHM3ai4MM no peaKUMM ri/iApoci/ini/ipoBaHM^. Cnow cmjiukohobom pe3MHbi, coAep- 
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>Kamew aoSbbkm KaTanwaaTopoB, MO>KeT 6biTb HaHeceH b npouecce cpopwiOBaHM* 
TepMonnacTMMHoro MaTepnana, mjim cneuwanbHo wiotteT 6biTb waroTOBneH wiyHAurryK 
m Apyroe o6opyAOBaHMe Ann <popwiOBaHM*i c yKa33HHbiM pe3WHOBbiM noKpbiTneM Ha 
noBepxHOCTM, npeAHasHaneHHofi Ann KOHTaiaa c pacnnaBOWi nonwiwepHoro wiaTepwa- 
Jia. 

OcaweHMe m BynKaHM3auwfl pe3MHbi wio>KeT npowcxoAMTb npw pa3Ae/ibHOM bo 
BpewieHM noAawe komiiohbhtob anacTOwiepoB, Hanpi/iwiep, b KanecTBe Ao6aBOK ana- 
CTOMepa b nonnwiepHOM wiaTepwane cHanana noAaioT cmjimkohw, coAeprcamMe HeHa- 
cwmeHHbie cb«3m ymepoA-ymepoA (C=C) c KaTannsaTopowi peaKUWM rMAPOcwnnpo- 
BaHwn, a 3aTewi cmjimkohh, coAepKamne cbhsm KpewiHMfli-BOAopoA (Si-H). CooTBeTCT- 

B6HHO, H3060POT, MO>KHO CHaMBJia HOAaBaTb CMflMKOHbl, CO fl ep>KamMe CBA3M KpeMHMM- 

boaopoa (Si-H) c KaTann3aTopowi peaKUWM ruAPOCwnMpoBaHMn, a 3aTewi cwni/iKOHbi, 
coAep)KamMe HeHacwmeHHbie cbasm ymepoA-ymepoA (C=C). Mo>kho HaHOCMTb ynpy- 
roe noKpbiTue, HepeAya Ao6aBKW b npoqecce cpopwioBaHM*. TaKWM oSpasowi, npowc- 
xoamt nocnowHoe oca^eHwe w nepewiewMBaHMe KOWinoHBHTOB a/iacTowiepa Ha no- 
BepxHocTM MyHAUJTyKa. Pearwpyiomne KowinoHeHTbi anacTOwiepoB MoryT 6biTb pa3- 
AenbHO nepewieuiaHbi c no/iMwiepHbiwi wiaTepnanoM w npuroTOBneHbi b bma® rpaHyn 
Anfl xpaHeHi/m m A03wpoBaHMfl. B 3Tom cnyqae wio>KeT npoM3BOAMTbC* pa3AenbHa« bo 
BpewieHM noAana rpaHyxi c pasHwwm Ao6aBKawm, a cwieuiMBaHne m BynKaHM3auwfl ana- 
croMepoB o6ecneMMBaeTC5i rniiub Ha noBepxHOCTM ycTpoficTB Ana cpopwioBaHM* pac- 
nnaBa Tepwion/iacTHMHoro nonwiwepHoro wiaTepnana, KOTopwe HaxoA*TCfl b KOHTaiae 
c pacnnaBOM no/inwiepHoro wiaTepwana. 

HaHeceHne Ha noBepxHOCTb wieTannoB ynpyrwx noicpbiTMM, KOTopbie M3onwpyK)T 
wieTann ot KOHTaiaa c pacnnaBOM nonnwiepHoro wiaTepuana, o6ecneMMBaeT mhoto- 
HMcneHHbie TexHunecKne npewwymecTBa, b MacTHOCTw: yBennMeHwe 6e 3 a© (pe ktho m 
cKopocTM 3KCTpy3i/iM npoAyKTa, ywieHbiueHMe AaBneHM* npeccoBaHMfl, ywieHbiueHwe 
noTpeonaewioM npw (popwioBaHMM moiahoctm, ywieHbiueHMe TewinepaTypw (popwioBa- 
hmh, ywieHbiueHMe TepwmMecKoro pa3no>KeHMfl nonwMepHoro wiaTepnana b 3acronHbix 
soHax, yjiymueHMe BHeuiHero bmab maemih, ywieHbiueHMe a6pa3MBHoro M3HOca wie- 
Tanna, ywieHbiueHMe Koppo3MM wieTajuia ot KOHTaiaa c pacnnaBOM nonMwiepHoro wia- 
TepMana m hwakoctjiwm aha ox/iawAeHMH m o6pa6oTKM npoAyKTa. 
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06o6ma$i aHanw3 npeAnaraeMbix TexHi/iHecKWX peiueHi/M, mo>kho OTMeTMTb, mto 
ynpyroe noKpbnrwe HaHocwTCH Ha noBepxHOCTb, HaxoA*my»ocfl b KOHTaicre c pacnna- 
bom noriMMepHoro MaTepwana, npei/iMymecTBeHHo nyTewi oca>KfleHMfl Ao6aBOK ana- 
CTOMepoB M3 pacnnaBa TepMonnacTMHHoro MaTepwana. B KanecTBe flo6aBOK Hai/160- 
nee L4enecoo6pa3HO wcnonb30BaTb cneAyiomwe anacTOMepw: 

• TepMonnacTMMHbie anacTOMepbi, KOTopwe pa3MflrMaK>TCfl, ho co- 
xpaHAHDT ynpyrwe CBOMCTBa npi/i TeMnepaType cfcopMOBaHwa. Tame anacTO- 
Mepbi o6ecnemiBaK)T HaHeceHwe ynpyroro noKpbmia Ha noBepxHocTM, Ha- 
xofl^LueMCfl b KOHTaicre c pacnnaBOM. Mcnonb30BaHMe TepMonnacTi/WHbix 
anacTOMepoB - 3to Han6onee npocTOM cnoco6 HaHeceHH* ynpyroro noKpw- 

TM*. 

• SnacroMepbi, KOTopwe Byn Ka h m 3 m py iotca no peaKLjuw ri/iAPOCW- 
jii/ipoBaHi/ia wni/i no peaKLiww noni/iKOHAeHcaui/iM. 

B KanecTBe A°6aBOK mo>kho ncnonb30BaTb AByxKowinoHeHTHbie CMecw npi/i yc- 
/lOBMM coBwiecTHOM i/inw pa3AenbHofi noAann KOMnoHeHTOB CMecn. B KanecrBe Ao6a- 

BOK MO>KHO MCnOJlb30BaTb KaTafl M 3aTO p bl COOTBeTCTByiOUHMX peaKUMM M HaHOCMTb Ka- 

TanM3aTop Ha noBepxHOcru, HaxoAflmwec* b KOHTaicre c pacnnaBOM. npw ycnoBi/11/1 i/ic- 
nojib30BaHM« opraHnnecKnx nepoKCMAOB b KanecTBe ciui/iBaiomwx areHTOB, HaHeceHi/ie 
ynpyroro noKpbiTW* o6ecneHMBaeTC* HarpeBOM CTeHKM MyHAunryKa Bbiuie TewinepaTy- 
pbi pa3no>KeHMfl nepoKCMflOB, ho Hi/i>Ke TeivinepaTypw pa3no>KeHi/m TepMonnacTWHHoro 
no/iMMepHoro MaTepwana, Hanpwwiep, b6jim3h BbixoAa M3 MyHAurryKa [56]. 

CymHOCTb 3aflBnfleMbix M3o6peTeHiiii noacHfleTca npuMepawin peanw3ai4i/iw v\ 
rpacjDMHecKHMM MaTepwanaMM. Ha cfwr.l npeACTaBneHbi KpwBbie M3MeHeHi>m ynpyroro 
w BA3Koro MOAyn^ pacnnaBa nonwaTwneHa b 3aBMCHMoc™ ot MacTOTbi Aecfcopiwa- 
uy[\A npw TewinepaType 165°C. Ha cj)iir.2 npeACTaBneHbi KpMBbie w3MeHeHMfl ynpyroro m 
B^3Koro MOAynfl a^* ctrropwpoBaHHoro noni/iMepa VITON b 3aBMCMMOCTi/i ot nacTOTbi 
AecjDopwiaMMM npu TeMnepaType 165°C. Ha cfwr.3 npeACTaBneHbi Kpi/iBbie M3MeHeHi/ifl 
ynpyroro m BH3Koro MOAyna A^fl ctrropwpoBaHHoro noni/iMepa DYNAMAR b 3aBHCMMO- 
ctm ot nacTOTbi AecfropMaui/iH npw TeMnepaType 165°C. Ha 0wr.4 npeACTaBneHbi Kpw- 
Bbie M3MeHeHM3i ynpyroro m Bfl3Koro MOAyna An* cwni/iKOHOBOtfi pe3i/iHbi RT-601 b 3a- 



bmcmmoctm ot HacTOTbi AecfropMauiMi/i npi/i TeMnepaType 165°C. Ha cfwr.S npeAcraB- 
neHbi KpwBbie M3MeHem/m ynpyroro v\ B*3Koro MOAyJW pj\n cmjimkohobom pe3WHbi Sil 
Gel 612 b 3aBMCMMOCTM ot MacTOTbi flec^opMaqwii. Ha 4>Mr.6 npeACTaBJieHbi Kpi/iBbie 
M3MeHeHMfl ynpyroro i/i BA3Koro MOflymi pj\a TepwionnacTHMHoro anacTOMepa TTI3-120 
b 3aBMCMMOCTM ot MacTOTbi AscfDopMamin npw TeMnepaiype 165°C. Ha cfcwr.7 npefl- 
craBneHbi KpwBbie M3MeHeHM« ynpyroro m Bfl3Koro MOflyn* pj\n TepMonnacTMMHoro 
anacTOMepa Tfl3-80 b 3aBncnMocTn ot HacTOTbi flec^opMaunn npw TewinepaType 
165°C. Ha cj)i/ir.8 npeflCTaB/ieHbi Kpi/iBbieoTHOweHi/ia ynpyroro MOfly/ifl k BH3KOMy mo- 
AyriK) pj\a TepMonnacTMHHbix anacTOMepoB Tn3-140, TI13-160, HeBynKaHH3wpoBaH- 
Horo anacTOMepa Dynamar w nonwaTuneHa LL1201 b 3aBncnMOCTW ot nacroTbi fle- 
cf)opMai4MM npw TeMnepaType 165°C. Ha c£i/ir.9 npeACTaBiieH cxeMaTtmecKM BapwaHT 
BbinoriHeHMn ycTpoficTBa pj\a 3KCTpy3wn c Mcno/ib30BaHMeM MeTajiriMsecKoro wnw 
CTeicn^HHoro MyHAimyKa a^h 3KCTpy3un Kpymoro CTep>KHfl. Ha (fcMr.10 npeACTaBiieH 

CXeMaTMHeCKM BapwaHT BbinOJIHeHI/lfl MyHALUTyKa PJ\* 3KCTpy3l/M TOHKOCTeHHOM Tpy6bi. 

Ha cjDwr.11 npeACTaBJieHbi xapaKTepi/iCTumecKwe KpMBbie M3MeHeHi/m AaBJieHMfi npw 

yBeilMMeHMM CKOpOCTW 3KCTpy3MM nOJlM3TWJieHa Mepe3 MyHAUITyK, M3rOTOBJieHHblM W3 

HepwaBeiomew CTanw 6e3 noKpbiTM^ (cnjioLUHaa KpwBa*). Kpi/ma* w3MeHeHWfl MacTOTbi 
no^BneHMH Ae$eicroB Ha noBepxHoc™ npoAyicra npi/i yBenwMeHMM ckopoctm 3KCTpy3i/iw 
npeACTaBJieHa nyHKrwpoM. Ha 4)wr.12 npeACTaBneHbi xapaicrepi/iCTi/iMecKi/ie KpuBbie 
M3MeHeHMfl AaBneHU^ npw yBenwHeHMM ckopoctm 3Kcrpy3MM nonnsTMneHa nepe3 
MyHAUJTyK, M3roTOBJieHHbiM M3 HepwaBeiomew CTa/ii/i 6e3 noKpbm/m (cnnoujHafl Kpi/i- 
Bafl), c tohki/im cnoewi HeBynKaHM3npoBaHHoro 3/iacroMepa VITON (0,3 mkm, nyHKTwp), 
c tohkmm cnoewi HeBynKaHM3wpoBaHHoro 3JiacTowiepa Dynamar (0,3 mkm, tohkm) m c 
tohkmm noKpwTneM ynpyraM TepMonnacTMMHbiM snacTOMepoM Tn3-160 (0,09 mkm, 
LUTpwx-nyHKTup). KpecraMM noMeMeHbi MOMeHTbi nonBnenwe p&dpeKTOB noBepxHOCTM. 

ripeAnaraeMbie TexHi/iwecKi/ie peweHMfi npeAHa3HaMeHbi a^ Mcnojib30BaHvm 
npn cf)opMOBaHMn TepMonnacTMMHbix nonnMepHbix MaTepi/ianoB. 

flpuMep 1 

Cnoco6 peanM30BbiBanw c wcnonb30BaHweM ycrrpoMCTBa fina cfcopMOBam/ifl 
TepMonnacTMMHoro nonwMepHoro MaTepwana, BKntoHaiomero cfropMyiouiee ycTpowcT- 
bo b BMAe MyHAUJTyKa a^a 3KCTpy3MM nonwsTwneHa, npeACTaBneHHoro cxeMaTi/iMHO Ha 
cfwr.9 . 
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YcTpowcTBO coAep>KMT Hecymnii Kopnyc 1 c npi/icnoco6/ieHi/iflMi/i ana ero Kpe- 
nneHi/m k SKCTpyAepy, MOHTa>KHyio wni/mbKy 2, o6owMy 3, yKpenneHHyio Ha HecyiMeM 
Kopnyce, KoribueByK) nnacTMHy 4 arm ycTaHOBKM MyHflUJTyKa, bmhth 5 on* Kpenne- 
Hi/m KonbueBOM nnacTMHbi 4 m o6oiiMbi 3 k HecymeMy Kopnycy 1, MyHfliiiTyK 6 b BMfle 
Tpy6KM a** BbiAaBJiMBaHMfl CTep>KHfl. Ha BHyTpeHHew npBepxHocru wiyHAWTyKa HaHe- 
ceHO noKpbiTwe 7, KOTopoe MO>KeT 6biTb Karajii/iTWHecKi/iM noKpbm/ieM, wnw noKpbm/i- 
eM, coAep>KaiAMM OKCMAbi wieTajuiOB ppa yjiymueHi/ifl aAre3W/i anacTOMepoB k MeTan- 
ni/mecKoCi noBepxnocTi/i, wnw ynpyn/iM noKpbiTW.eM. B MacTHOcrw, ynpyroe noKpbnrwe 
MO>KeT 6biTb BbinonHeHO c Ao6aBKaMW KaTanw3aTopoB co ot BeTCTBy K) me \h peaKUi/iw 
ByjiKaHM3aunM axiacTOMepoB. Yctpomctbo coAepwi/rr AaTMWK AaBneHi/i* 8 i/i pe3b6oBy»o 

KpblLUKy 9. 

ripn pean 1/133141/11/1 cnoco6a ycTpowcTBO <t>yHKL4HOHi/ipyeT cneAytomi/iM o6pa30M. 
B 3arpy30MHyio ewiKOCTb cfropMyKDinero ycTpowcTBa c nopwHeBbiM 3KcrpyAepoM (Ha 
nepTe>Kax He noKa3aHbi, KaK He OTHOcami'iecfl k cymecTBy npeAnoweHi/m) 3arpy>KaK)T 
4)opMyeMbiM MaTepwan i/i b bi as bji n Ba iot ero c 3aAaHHOM CKopocTbio Mepe3 MyHAwryK 
6. B cnynae i/icnonb30BaHi/m KaTajit/rn/mecKoro noKpbi*™* oho b 3 a i/i m o a© ft CTBy eT c ao- 
6aBKaMM anacTOMepoB, BBeAeHHbtMi/i b (fcopMyeMbift MaTepi/ian, mto Bbi3biBaeT i/ix 
BynKaHM3aqnK) i/i oca>KAeHi/ie Ha yMacTKax noKpbm/m. B cnynae iicnonb30BaHi/i* ynpy- 
roro noKpbiTMA, HaHeceHHoro APyrnMM MeTOAawiM, sto noKpbm/ie, B3ai/iMOAeftcTBya c 
cjDopMyeMbiM MaTepnanoM, o6ecnem/iBaeT oca>KAeHi/ie Ha ynacTKax noKpbm/ia AoSaBOK 
M3 cjDopiviyeMoro wiaTepwana on* KOMneHcaui/ii/i mnoca noKpbiTMH. 

Mcnonb30BaHHbii4 noni/ismneH LL1201 XV npoM3BOACTBa KOMnaHi/ii/i 
ExxonMobil [57], xapaicrepi/i3yeTca cneay\owyiM\A napaMeTpaMi/i: nnoTHOcTb - 0,926 
t/cm 3 , TOHKa FUiaBneHi/m - 123°C, i/iHAeKC pacnnaBa - 0,7 r 3a 10 MWHyr, peKOMeHAye- 
wiafl npoM3BOAMTenewi TeivinepaTypa 3KCTpy3i/ii/i - 180 - 200°C. flrm 3KCTpy3i/ivi 6bin wc- 
noxib30Banu nopiuHeBoft SKCTpyAep npoi/i3BOACTBa KOMnaHi/iw Loomis [58] c RinaMeT- 
poM Kaiviepbi ppa MaTepnana - 60 mm, c AJWHOft - 200 mm, c MaKCMMa/ibHbiM AaB/ie- 
Hi/ieM b KaMepe - 400 aTM. flnn 3KCTpy3i/ii/i i/icnonb30Bajii4 MyHAWTyKi/i c AwaMeTpoM 
UM/iMHAPMMecKOM nonocTM Ana ABM>KeHMf? pacnnaBa 6 mm m a^mhom 32 mm h 48 mm. 

ripi/i 3KCTpy3t/ii/i nonnsTMJieHa Mepe3 MyHAurryK m HepwaBeiomeft crra/ii/i RnwHdfi 
48 mm c HapacTaHMeM CKopoc™ ot 2 ao 300 MM/ceK npw npeBbiuieHi/ii/i Kpi/m/NecKoft 



31 



CKOPOCTM 3KCTpy3MM npOflyKT MMen H6pOBHyiO POBepXHOCTb. KpMTMMeCKa* CKOpOCTb 

noflBJieHMfl KBa3wnepMOflMMecKwx noBepxHOCTHbix AecfceicroB ajia nonnaTwneHa 6e3 
flo6aBOK anacTOMepoB npw TeMnepaType 165°C cocTaBwna 5,4 MM/ceK. Ha cfcwr.H 
ripeACTaBneH rpacf>wK mweHeHwn AaB/ieHMfl npw yBexinMeHMw ckopoctm 3KCTpy3MM 
(cnnoujHafl KpMBaa). BpeMeHHbie sacTOTbi noBepxHOCTHoro penbecfra Ha npoAyicre b 
[rq], T.e. OTHouueHwe ckopoctm 3KCTpy3MM b [MM/ceK] k nepwoAY noBepxHOCTHoro 
penbecfra b [mm] 6bmn w3MepeHbi in npeACTaBneHbi nyHKTMpoM. Ha6nK>Aa©Mafl qacTO- 
Ta noflBJieHMfl Aec^eKTOB neymr b AMana30Hax ot 13 ao 40 Tli npw cpeAHeM 3HaneHMM 
MacTOTbi okojio 20 Fi4. OTHOLueHwe ynpyroro Mopyna k B*3KOMy Mop,yn\o f\na pacnnaBa 
nojiM3TM/ieHa Ha nacTOTe 20 JTn cocrraBJifleT K = 1 ,4. 

3aTeM ana 3KCTpy3MM Mcnojib30Banw MyHAWTyK W3 Hep>KaBeK>ineii CTann flnw- 
hom 32 mm c tohkmm cxioeM ctrropwpoBaHHbix anacTOMepoB MapKM "Viton® FreeFIow™ 
SC-PW, "DYNAMAR" Dyneon (3M) w TepMonnacTMHHbix snacTOMepoB Ha ocHOBe cm- 
noKcaHOB. flnfl HaHeceHM^ cnoa 3nacTOMepoB Ha BHyTpeHHioK) noBepxHocrb MyHA- 
LUTyK 5 OTCoeAMH^nw ot 3KcnpyAepa m zanonnarwi pacnnaBneHHbiMW snacTOMepaMM. 
3aTeM MyHAUJTyK npucoeAMH^jiw k 3KCTpyAepy, HarpeBanw ao TeMnepaTypbi cfcopMO- 
BaHMfl m npoBOAwnw 3KCTpy3MK) pacnnaBa no/iMSTuneHa co cKopocrrbK) okoho 2 MM/ceK 
b TeneHnn 30 mmh. B pe3ynbTaTe anacTOMep BbiAaBnMBanca Hapy>Ky m yHocwnca pac- 
nnaBOM nonMSTMneHa, ho Ha creHKax MyHAUJTyKa ocTaBanca tohkmm cjiom anacrroMe- 
poB. 3aTeM npoBOAwnM 3KCTpy3MK> nonM3TMJieHa c HapacTaHMeM CKOPOCTM OT 2 AO 
400 MM/ceK. Ha 4wr.12 npeACTaBneHbi rpacfrMsecKM KpMBbie M3MeHeHM* fxasneHvin Ha 
MyHALUTyKe npw yBeriMMeHMM ckopoctm 3Kcrrpy3MM (xapaicrepMCTMMecKMe KpMBbie) pj\* 
MyHALUTyKa 6e3 noKpbiTMH (cnnoiUHaa KpMBaa), co cnoeM snacroMepa Viton (nyHKTMp), 
co cnoeM anacTOMepa Dynamar (uiTpMX-nyHKTMp) m co cnoeM TepMonnacrMMHoro 
snacTOMepa Tn3-160 (tohkm). KpecTaMM Ha kpmbwx noMeMeHO B03HMKHOBeHMe a©- 
0eKTOB Ha noBepxHOCTM. Bmaho, mto npM Mcnorib30BaHMM TepMonnacTMHHoro ana- 
CTOMepa TTI3-160 Ha6niOAaeTC* HaM6onbwa* 6e3Aecf)eKTHa* CKopocTb 3Kcrpy3MM. 
npM M3MepeHMM xapaiaepMCTMMecKMX kpmbwx Mepe3 MyHAUJTyK npoAaBjiMBanM OKOJIO 
0,4 Kr pacnnaBa no/iMSTMneHa. Hocne npoBeAeHMfl 3Kcrrpy3MM MyHALUTyK cHMManM m 
nyTeM M3MepeHM* snempMHecKOM eMKOCTM npoBOAwnM oueHKy ToniUMHbi noKpbiTMfl Ha 
noBepxHOCTM MeTanna. 
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fln* cpaBHem/m ctomkocti/i cnoa anacTowiepoB k M3HOcy Mepe3 tot we wiyHA- 
LLiTyK npoBOflwriM 3Kcrpy3MKD BTopow pa3. ripw noBTopHOM 3Kcnepi/iMeHTe 6bino nony- 
MeHO, hto npi/i Mcnonb30BaHMM TepMonnacTMHHoro 3nacroMepa 7T13-160 3HaHeHwe 
6e3Ae4>eKTHOM CKopocTM 3Kcrpy3MM M3MeHnnocb c 142 flo 105 MM/ceK, a To/imuHa 
cnoa M3MeHwnacb c 0,09 flo 0,07 mkm, b to Bpewifi KaK npw i/icnojib30BaHMW HeByma- 
h i/131/i poBaHHoro snacTOMepa Dynamar 6e3Ae<£eKTHaa CKopocTb 3KCTpy3i/iw i/i3MeHi/i- 
nacb c 107 ao 79 MM/ceK, a Ton 1141/1 Ha cnon i/i3MeHnnacb c 0,3 ao 0,07 mkm. fli/maMi/i- 
necKa* B^3KOCTb TepMonnacTMMHoro snacTOMepa TT13-160 HaMHoro MeHbiue, msm 
cooTBeTCTByiomee 3HaneHi/ie c|DTopi/ipoBaHHoro snacTOMepa Dynamar. CTOMKOcTb 
cnofl TT13-160 k i/i3HOcy no3BonaeT roBopi/rrb o HaHeceHW/i tohkoto noKpbm/ia m 3Toro 
TepMonnacTMHHoro snacTOMepa Ha BHyTpeHHioK) noBepxHOCTb MyHAWTyKa. npw mc- 
nojib30BaHi/ii/i TepMonnacTMMHoro snacTOMepa TTI3-160, xapaKTepi/icn/iKi/i KOToporo 
yAOBneTBop^fOT o6omm ycnoBWiM G7G"> K 2 1/1 (G7G") 0 > KL, Heo6xoAMMbiM Arm Ha- 
HeceHMfl ynpyroro noKpbm/m, mo>kho roBopwTb o HaHeceHi/11/1 tohkoto ynpyroro noKpw- 
ti/ia. A npi/i Mcnoxib30BaHMM H6ByriKaHM3i/ipoBaHHoro snacTOMepa Dynamar, f\r\R koto- 
poro He BbinonH^eTCfl ycnoBi/ie (G7G") 0 > KL, mo>kho roBopi/iTb ToribKO o cnoe CMa3Ki/i 
Ha BHyTpeHHew noBepxHOCTi/i MyHAWTyica. flpyn/ie TepMonnacTMHHbie snacTOMepw 
(Tn3-80, Tn3-120, Tn3-140), xapaicrepucTMKM KOTopwx yAOBneTBopanw 0601/iM yna- 
3aHHbiM ycnoBMAM, HeoSxoA w m bi m Arm HaHeceni/m ynpyroro noKpbm/m, TaioKe nona3a- 

J1M XOpOLUyK) CTOMKOCTb nOKpblTI/lfl K W3HOCy M BblCOKl/ie 3HaMeHI/Ifl 6e3Ae4>eKTHoii CKO- 
POCTI/I 3KCTpy3l/M. 

3HaneHM5? Tonmi/mbi noKpbrn/m nocne npoBeA©Hi/m 3 KCTpy 31/11/1, Kpi/rn/iHecKOW 
CKopocTM noflBJieHWfl Ae<t>eKTOB npw Mcnonb30BaHMM CTanbHoro MyHAiuTyna 6e3 no- 
Kpbrri/m m c noKpbrn/iflMM, AMHaMi/mecKow bh3kocti/i MaTepi/iana noKpbiTi/m Ha xapaK- 
TepHOM MacTOTe 20 ("u m OTHOweHi/m ynpyroro MOAyrm k Bfl3KOMy MO^yn\o Ha xapaK- 
TepHow MacTOTe 20 m Ha nacTOTe 0,06 Tu npuBeAeHbi b Ta6nwne 2 f\na cpaBHeHt/m. 
AsyMH 3Be3AOMKaMM noMeneHbi ppe nocneAHi/ie ctpokh Ta6ni/ii4bi f b kotopwx npi/iBe- 
fleHbi 3HaneHMH TonmMHbi noKpbm/m 1/1 Kpi/m/mecKOM CKopocn/i 3KCTpy3MM nocne AByx 
nocneAOBaTenbHbix 3KCTpy3MM. flpwBeAeHHbie 3HaneHMfl AMHaMi/wecKOM ba3kocti/i co- 

OTBeTCTByiOT COOTHOLUeHMK) G'VcD, [Pa*S], (0= 2ltf AJlfl HaCTOTbl f = 20 Tm. 
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Ta6nni4a 2. 



noKtiMTi/ie 


TofiiUMHa 

nOKpblTMfl, 

[mkm] 


KpnTMMecKafl 

CKOpOCTb, 
[MM/C6K] 


flMHaMMM. 
Bfl3KOCTb, 

[Pa«s] 


G7G" 


G7G"|o 


Be3 noKpbiTMfi 




5,4 


2372 


K= 1,4 


L = 0,2 


VITON 


0,07 


13 


722 


0,7 • K z 


1 ,4 • KL 


DYNAMAR 


0,3 


107 


4650 


1,17 »K 2 


0,7 • KL 


1713-160 


0,09 


142 


645 


1,22 • K* 


2,5 • KL 


1X13-140 


0,36 


136 


1840 


1,53 •K 1 


2,5 • KL 


Tna-120 


0,64 


103 


1815 


1 ,38 • K z 


2,1 • KL 


Tn3-80 


0,45 


98 


1170 


1,22 • K z 


1,4. KL 


DYNAMAR ** 


0,07 


79 


4650 


1,17 •K 2 


0,7 • KL 


Tna-160 ** 


0,07 


105 


645 


1 ,22 • K z 


2,5 • KL 



riDMMep 2 

Cnoco6 peann30BbiBanw c ncnonb30BaHweM ycrpoHCTBa flnn cpopMOBaHM* 
TepMon/iacTMHHoro nonwiviepHoro wiaTepwana, npeACTaBneHHoro cxewiaTMMHO Ha 
cpnr.9 w BicniOHaioinero (popwiyioinee ycTpoficTBO b bma® creKnaHHoro MyHAUJTyKa 

AJ1MHOM 32 MM l/l flMaMeTpOM 6 MM. npOBOAMHW 3KCTpy3MK) n0nM3TMneHa 6e3 fl06aBOK 

c HapacTaHneM ckopoctm npw TeMnepaType 165°C. flnn mmctom CTeKmiHHOM Tpy6KM 
KpnTMMecKaa CKopocrb nonBneHUfl AecpeicroB cocTaBW/ia 6,7 MM/ceK. 3aTeM MyHAWTyK 
noKpbiBanM cnoeM anacroMepoB TaiOKe, KaK onwcaHO b npi/iMepe 1 . B KaMecree ana- 
CTOMepoB wcnoflb30Banw cpTopwpoBaHHbiM anacTOMep Map«w "Viton® FreeFlow" npo- 
M3BOACTBa KOMnaHMM DuPont nnn TepMonnacTMHHbiM a/iacTOMep MapKM "Tri3-120 n 
npow3BOACTBa KOMnaHMM Wacker-Chemie GmbH. B cnynae Mcnojib30BaHwa cpTopM- 
poBaHHoro anacTOMepa Viton KpMTMMecKaa CKopocrb nosiBneHMfl AecbeicroB cocTaBMna 
17,8 MM/ceK. nocne 3KCTpy3MM 1 Kr noxiMSTMneHa Ha noBepxHocTM npoAyicra no*BM- 
nwcb Aetpeicrbi Ha ckopoctm 10 MM/ceK. nocne 3KCTpy3MM 2 Kr nonwaTiineHa KpMTMMe- 
CKan CKopocTb nonBneHMfl AecpeicroB Ha noBepxHOCTM npoAyicra npaKTMMecKM coBna- 
Aana c noflBneHweM AecpeicroB b cnyMae wcnonb30BaHMH hmctom creKnaHHOM Tpy6KM. 
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B cnyqae ncnonb30BaHi/m TepMonnacTWMHoro 3/iacTOMepa TTI3-120 Kpwn/me- 
CKafl CKopocTb noflBneHMH A©4>eKTOB cocTaBuna okojio 110 MM/ceK. nonwaTuneH 
CMeiuanw c Ao6aBKaMH, coAepwami/iMw OKwcb TuraHa TaK t hto aojia a6pa3i4BHbix nac- 
TM14 b nonn3TnneHe cocTaBuna 4 Bee. %. flocne 3KCTpy3i4i4 1 Kr nonwsTi/meHa c a6pa- 

3HBHblMH fl06aBKaMM l/I 6 Kf nOJll43TMJieHa 6e3 fl06aBOK KpWTMHeCKafl CKOpOCTb FIOflB- 

nenwa AecfreKTOB cocTaBuna 65,3 MM/ceK. TaKMM o6pa30M, ycToftmiBOCTb ynpyroro 
noKpbiTM*, nonyneHHoro c wcnonb30BaHneM TepMonnacTMHHoro anacroMepa Tn3- 

120, K M3HOCy a6pa3MBHblMW MaCTM MS Mil 3HaHMTenbHO BbllUe, MeM CTOMKOCTb CJlOfl 

cjDTopwpoBaHHoro anacTOMepa Viton. 
riPHMep 3 

Cnoco6 peanM30BbiBann c ncnonb30BaHweM ycTpowcTBa ana cfcopMOBaHi/ifl 
TepMonnacTMMHoro nonwMepHoro MaTepi/iana, npeAcraBneHHoro cxeMaTi/iMHO Ha 
(fci/ir.9 n BicnioMaKDmero cfcopMyiomee ycrpoMCTBO b bma© CTeKJiaHHoro MyHAunyKa 6e3 
noKpbiTM«. B KaMepy SKcrpyAepa 3arpy>Kann rpaHyjibi nojiiisiwieHa, nepeMeujaHHbie c 

CMJlMKOHOBblM SJiaCTOMepOM B BMA© BH3KOM >Kt/IAKOCTH. B K3MeCTBe CWJIHKOHOBOTO 

snacTOMepa wcnojib30Bani4 OAHOKOMnoHeHjHbiM ci/mi4KOHOBbifi KOMnayHA MapKM tt N10 n 
npon3BOACTBa KOMnaHnu Wacker [59]. flon* Ao6aBOK cunMKOHOBoro KOMnayHAa b no- 
nnsTwneH cocTaBMJia okojio 5 Bee. %. nojiMMepHwii MaTepwan c Ao6aBKaMM HarpeBa- 
jiw AQ 180°C m npon3BOAHJiw 3KCTpy3Mio OKono 0,4 Kr nojii/i3Ti/ineHa LL1201 XV c ao- 
6aBKaMM cMJiMKOHOBoro KOMnayHAa nepe3 MyHAurryK co cpeAHew no ceneHMJO MyHA- 
LUTyKa CKopocTbK) npoAyicra 5 MM/ceK. 3aTeM KaMepy BHOBb HanojiHanw rpaHynaMM 
nojiMSTuneHa, ho y>Ke 6e3 Ao6aBOK cmiwKOHOBoro KOMnayHAa, HarpeBann ao nnaBne- 
HMA nonM3TMneHa 1/1 paBHOMepHoro paenpeAeneHM* TeMnepaTypw b KaMepe. Topeu 
MyHAWTyKa b sto BpeMf) o6AyBani/i BOSAyxoM npw TeMnepaType okojio 200°C. Mepe3 8 
nacoB npoui3BOAM/in 3Kcrpy3Mto c HapacTaHi/ieM ckopoctw npoAyKTa ot 2 ao 300 
MM/ceK 14 cJ)i4KCnpoBann MOMeHT noflBJieHM* AecfreKTOB Ha noBepxHOCTM npoAYKTa. 
Bbmo 3aperi4CTpMpoBaHO, mto Ae<t>©KTbi noflBjmioTCH Ha noBepxHoc™ npoAyKTa npn 
CKopocTM 3Kcrpy3MM 150 MM/ceK. ripoBOAMJiM 3KCTpy3i4K) 2 Kr nojni43TwneHa 6e3 Ao6a- 
BOK - M3MeHeHMH KpMTMHeCKOM CKOpOCTM nOflBJieHI/lfl Ae<t>eKTOB b nocJieAOBaTeJibHbix 

3KcnepnMeHTax He 3apen4CTpwpoBaHO. 
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KaMepy SKcrpyAepa w MyHAurryK ohmctmjim MexaHi/mecKW m oTHCMrowi b nenw 
npw TewinepaType 500°C. 3aTeM b KaMepy 3arpy3wni/i rpaHyxibi noxiwsTi/meHa, nepe- 
wieiuaHHbie c cuni/iKOHOBbiM anacTowiepoM npn Rone floSaBOK okojio 10-12 Bec.%. 
nocne 3KCTpy3nn okojio 0,4 Kr CMecw KaMepy 3anonHMnw MMCTbiM nonwsTi/ineHOM m 
qepe3 8 MacoB npoBeni/i 3KCTpy3i/iK) pacnnaBa nonwsTwneHa. BbixoAamwM npoAy^T 
CM/ibHO OTKnoHfl/icfl ot ocw b cTopoHy, hto yKa3biBaeT Ha to, mto TOJiLAi/ma ynpyroro 
noKpbiTMfl wa noBepxHoc™ MyHfluuTyKa HepaBHOMepHa. OneBi/iAHO, hto i/icnonb30Ba- 
Hwe AoSaBOK b Koni/mecTBe 6ojiee 10 Bec.% HewejiaTenbHO M3-3a HeKOHTponi/ipyeMO- 
ro 1/13 Me HeH cenennfl KaHana MyHAunyKa. 
riPMMep 4 

Cnoco6 peanw30BbiBajiM c i/icnojib30BaHweM ycrpowcTBa AJifl 4>opMOBaHi/m 
TepMonnacTMMHoro nonwMepHoro MaTepi/iajia, npeAcraBJieHHoro cxeMaTWMHO Ha 
4)wr.9 w BKJiK>Mafomero cfcopMyiouiee ycTpowcTBO b bi/ia© JiaTyHHoro MyHAWTyica c 
rajibBaHMHecKMM noKpbrrweM njiaTWHofi. B KaMepy 3KCTpyAepa 3arpy>KariM rpaHynbi 
nonwsTMJieHa, nepeMeiuaHHbie c snacTOMepoM Ha ocHOBe rpacjrr- cononi/iMepoB cm- 
noKcaHOB c nojiwypeTaHaMW npoui3BOACTBa KOMnaHvm Cypen [60] 6e3 Ao6aBOK KaTa- 
nM3aTopa peaKUMM BynKaHi/i3ai4i/iw. UIcnojib30BaHHbm anacroMep i/iMeeT xopowyio aA- 
re3MK> k MeTan/iMHecKOM noBepxHOCTW v\ cnoco6eH k ByjiKaHM3ai4i/in no peaKUi/m raAPO- 
cwni/ipoBaHW* b npwcyTCTBMM MeTaxinoB nnaTMHOBoiS rpynnw. florid Ao6aBOK noni/iype- 
TaH-cunMKOHOBoro KOMnayHAa b nojM3TWieH cocTaBMna OKono 1 Bee. %. nonwMep- 
Hbiti MaTepwa/i c Ao6aBKaMi/i HarpeBanw ao 180°C m npoM3BOAMJiw 3KCTpy3Wio okojio 
0,4 Kr nonnsTMJieHa LL1201 XV c Ao6aBKaMH aToro snacroMepa nepe3 MyHAWTyK co 
cpeAHefi no ceneHMK) MyHAunyKa CKopocrbto npoAyicra 5 MM/ceK. 3aTeM KaMepy 
BHOBb Hano/iHflJin rpaHynaMM nonwsTH/ieHa, ho y>Ke 6e3 Ao6aBOK, HarpeBajiw ao 
wiaBneHiifl nojin3TMiieHa m paBHOMepnoro pacnpeAeJieHt/m TeMnepaTypw b KaMepe. 
(IpoBOAMnn 3KCTpy3MK) nofiMSTMJieHa 6e3 Ao6aBOK c HapacTaHMeM cKopoc™ npi/i TeM- 
nepaType 165°C. EbiJio 3aperwcTpi/ipoBaHO, mto Ae<t»eKTbi noaBJiaioTCfl Ha noBepxHO- 

CTM npOAyKTa npM CKOpOCTI/l 3KCTpy3MM OKOJIO 120 MM/ceK. npOBOAMJW 3KCTpy3MK) 2 Kr 

nojinafuneHa 6e3 Ao6aBOK - w3MeHeHMfl Kpi/m/iHecKow CKopocTW no^BJieHMH Ae^eicroB 
b nocneAOBaTenbHbix sKcnepwMem-ax He 3apemcrpMpoBaHO. 
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ripMMep 5 

Cnoco6 peanM30BbiBanw c Mcnonb30BaHMeM ycrrpoiicTBa AJi* cfropMOBaHWH 
TepMonnacTMHHoro noriMMepHoro MaTepwana, BKJiioHaiou4ero cfropMyiomee ycTpowcT- 
bo b BMfle MyHfliiiTyKa j\nn 3KCTpy3uw nonwaiwieHa, npeflCTaBneHHoro cxeMaTMHHO Ha 
<t>wr.10, c ncnonb30BaHweM luh6k 3KCTpyAepa. Yctpomctbo coflep>KMT Hecymww Kop- 
nyc 10 c BepxHew KonbLieBow BCTaBKoii 11 w BHyTpeHHew BCTaBKofi 12, 3aKpen/ieHHOM 
Ha ocw MyHfliiiTyKa c noMOiubK) Tpex CTepwHew 13. Hm>kh^ BcraBKa MMeeT pe3b6oBoe 
OTBepcTwe flrifi Kpen/ieHMH wiyHAixiTyKa k SKcrrpyflepy. Ha noBepxHOCTM BepxHew Konb- 
UeBOM BcraBKM 11 HaHeceHO noKpbm/ie 15, a Ha noBepxHOCTM BHyTpeHHew bct3bkh 12 
HaHeceHO noKpbiTMe 16. floKpbrn/m 15 m 16 Moryr 6biTb KaTan tiTi/mecKM m noKpbiTMeM, 
wni/i noKpbiTueM, coAepwamiiM OKcwflbi MeTannoB ajih ynymueHMfl aflre3MM anacTOMe- 
poB k MeTannwHecKOM noBepxHocri/i , wni/i ynpyrwwi noKpbiTweM. B MacTHOCTM, ynpyroe 
noKpwTne MO>KeT 6biTb BbmoriHeHO c flo6aBKaMM KaTariM3aTopoB cooTBeTCTByjoiiiew 
peaKLiMM BynKaHM3ai4HM anacrroMepoB. Yctpomctbo coflep>KMT HarpeBaTenw 17. 

ripi/i peann3aL4MM cnocoSa ycTpoiicTBO cjDyHKMMOHwpyeT cneAyioiAHM o6pa30M. 
B 3arpy30MHy»o eMKOCTb (fcopMytomero ycTpowcTBa c nopwHeBbiM SKcrpyAepoM (Ha 
MepTe>Kax He noKa3aHbi, KaK He OTHOcflinwecfl k cymecTBy npeflnoKeHi/m) 3arpy>KaiOT 
cfcopMyeMbiw MaTepwan m BbiflaBJiMBafOT ero c 3aflaHHOM CKopocTbK) nepe3 MyHflurryK. 
B cxiynae ncnorib30BaHMfl KaTariMTMHecKoro noKpbm/m oho b 3 a m m of\e m CTBy eT c flo6aB- 
K3MM anacTowiepoB, BBeAeHHbiMH b c[)opMyeMbiM MaTepnan, mto Bbi3biBaeT mx ByxiKa- 
HM3ai4MK> w oca>KfleHMe Ha ynacTKax noKpbrn/m. B cnynae Mcnonb30BaHMH ynpyroro no- 
KpbiTi/m, HaHeceHHoro ApyrnMM wieTOAaiviM, 3to noKpbiTMe, B3 a m m o Ae ft crey c cfcop- 
MyeMbiM MaTepnajiowi, o6ecneMMBaeT oca>KfleHne Ha ynacTKax noKpbm/m Ao6aBOK m 
4)opMyeMoro MaTepnana KOMneHca 141/1 t/i M3Hoca noKpbmifl. 

3a3op Me>KAy BepxHew KonbqeBOM BcraBKOM w BHyTpeHHew ueHTpanbHOM 

BCT3BK0M BblHOJlHeH 0,8 MM. BepXHflfl KOJlbLjeBafl BCTaBKa BbinO/THeHa C B03MO>KHO- 

CTbK> nepeMemeHMfl pj\a perynwpoBKM 3a3opa. Mepe3 OTBepcTMe b oahom M3 crepw- 
Hew KpenneHMA BHyrpeHHew BcraBKM oicaTbift B03Ayx nocTynaeT BHyTpb a^i* pa3AyBa- 
hi/ia Tpy6bi nonnsTMneHa m nonyMeHi/m tohkom nneHKi/i. TBepAbie noKpbrrw* 15 w 16 
BbinonHeHbi c LienbK) CHM>KeHMfl M3Hoca MyHALUTyKa. HanpwMep, noRpbune mo>k^t 
6biTb BbinoriHeHO ranbBaHWHecKMM oca>KAeHneM n/iaTMHbi mjim poAMfl. TaKoe noKpw- 
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Twe He TonbKo o6naAaeT bwcokom TBepflocTbK), ho m KaTanMTMMecKow aKTMBHOCTbK), 
Heo6xoflUMOw nnn BynKaHM3ai4MM snacroMepoB no peaKquw n/iAPOCMnMpoBaHMR 

PacnnaB nonM3TMneHa, noKa3aHHbiw Ha $Mr.10 cepbiM uBeTOM, npoAaB/iMBa/in 
cHM3y BBepx no KaHaxiy nepe3 KonbueBOM 3a3op fluawieTpoM 50 mm w cfropMOBanM toh- 
KOCTeHHyjo Tpy6y, BbixoAamyK) m MyHflUJTyKa Hapy>Ky. noAaMM pacnnaBa nonw- 
3TnneHa wcnonb30BajiM ycTaHOBKy npoM3BOACTBa KOMnaHMM Goettfert [61], KOTopa* 
BKJiK>Mana umeK 3KCTpyAep c A^aMeTpoM BMHTa D = 30 mm, CKopocrbio BpameHMfl ao 
100 o6opotob b mmh, MaKCMManbHbiM AaBneHMeM npeccoBaHMfl 1000 Atm. l/lcnonb30- 
Banca nonwsTMJieH HM3KOM nnoTHOCTM nonnaTuneHa LDPE m nMHeMHbiM nonMSTMneH 
hm3kom nnoTHOCTM Ha ocHOBe MeTannoueHOBbix KaTan m 3 aTO p o b Exceed 1018 EB 
npou3BOACTBa KOMnaHMM ExxonMobil. Hcnonb30BaHHbiw nonwaTMneH 1018 EB xapaK- 
TepM3yeTC5i cneflytoiuMMM napaMeTpaMM: nnoTHOCTb - 0,918 t/cm3 , TOHKa nnaBneHM* 
- 118°C , MHAeKC pacnnaBa - 1 r 3a 10 MMHyT, peKOMeHAyeMa* npow3BOAMTeneM TeM- 
nepaTypa 3KCTpy3ww - 190 - 220°C. ripw TeMneparype pacnnaBa 170°C APo6neHne 
pacnnaBa Ha6nK)Aanocb npw ckopoctm BpameHM* LUHeKa 10 o6opotob b mmh m ckopo- 
ctm 3KCTpy3MM npoAyKTa OKono 2 MM/ceK. 

B KaMepy luhck OKCTpyAepa 3arpy>KanM rpaHynbi nonMSTMneHa HM3KOM nnoTHO- 
ctm (LDPE). B KanecTBe cwnMKOHOBoro snacroMepa Mcnonb30Banc* AByxKOMnoHeHT- 
Hbiw CMnMKOHOBbiM KOMnayHA MapKM "ELASTOSIL RT 601" npoM3BOACTBa KOMnaHMM 
Wacker. CHanana KOMnoHeHT B (cMnaHbi c KaTanM3aTopoM BynKaHM3ai4MM) cMeiuanM b 
rpaHynaMM nonMMepHoro MaTepMana b KonMMecTBe 1 r Ao6aBKM Ha 3 Kr rpaHyn. flon* 
Ao6aBOK KOMnoHeHTa b nonwaTMneH cocTaBMna 0,03 Bee. %. npoBenM 3KCTpy3MK> 1 Kr 
rpaHyn nonMSTMneHa c Ao6aBKaMM. 3aTeM npoBenM 3KCTpy3MK) 1 Kr nonM3TwneHa 6e3 
Ao6aBOK, mto no3Bonwno OMMCTMTb aKCTpyAep ot nonMMepa, coAepwamero Ao6aBKM 
KOMnoHeHTa B. 3aTeM KOMnoHeHT A CMeiuanM c rpaHynaMM nonM3TMneHa b KonMMecr- 
Be 1 r KOMnoHeHTa A (cMnoKcaHbi c HeHacbiiyeHHOM CB«3bK) C=C) Ha 1 Kr rpaHyn, T.e. 
npM Aone Ao6aBOK CMnMKOHOBoro KOMnayHAa b nonMSTMnen 0,1 Bee. %. 3apen/icTpw- 
poBaHo, hto nepe3 10 mmh nocne noAaMM KOMnoHeHTa A AaBneHMe npeccoBaHW* 
yMeHbUJMnocb Ha 8 %, a ycMnMe BpameHMfl BMhrra 3KCTpyAepa yMeHbiuMnocb Ha 23%. 
BbixoA^iAUM npoAyKT He MMen luepoxoBaTOCTM Ha BHeaiHeM noBepxHOCTM. 3aTeM 
BMecTo nonnsTMneHa hm3kom nnoTHOCTM (LDPE) b KaMepy iiJHeK SKcrrpyAepa 3arpy3M- 
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nw rpaHynbi MeTannoueHOBoro nonwsTwneHa (mLLDPE) MapKM Exceed 1018 EB. Bw- 
xopflu\\A\h npoflyicr He WMen ujepoxoBaTOCTM Ha BHeiuHew noBepxHOCTM. Tpy6y pa3Ay- 
Banw b nneHKy OKaTbiM B03AyxoM. nneHKa i/iMena poBHyio noBepxHOCTb npw wiaKCM- 
ManbHO floc™>KMMOM Ha A3HHOM SKCTpyAepe CKopocTM 3KCTpy3nw MaTepwana 8,7 
MM/ceK MJiw 60 t/mmh, i\e. npw 3HaMMTenbHO 6onee bwcokom CKopoc™ 3KCTpy3ww, Mewi 
6e3 noKpbiTM^i. M3HOca noKpbiTi/in b TeneHwe 1 naca 3KCTpy3MM He o6Hapy>KeHO. 

TaKUM o6pa30M, HaneceHi/ie ynpyroro noKpbrn/m b npouecce cjDopMOBaHi/ifl pac- 
nnaBa nonwMepHoro MaTeptiana c Ao6aBKaMM, b MacTHOCTM, c nocneAOBaTenbHOW 

A06aBKOM KOMFlOHeHTOB npi/1 3KCTpy3MM f n03BOn*eT npOM3BOAMTb CKOpOCTHyK) SKCTpy- 

3MK) 6e3Aec})eKTHoro npoAyicra. 
FlpMMep 6 

Cnoco6 peajiM30BbiBanM cfcopMOBaHweM Mepe3 KonbueBofi wiyHAUJTyK, noKa3aH- 
HbiM cxeMaTMHecKM Ha cJwr.lO, c wcnonb30BaHweM LUHeK SKCTpyAepa, onwcaHHoro b 
npwMepe 4. B Kawiepy LUHeK SKCTpyAepa, 3arpy>Kanii rpaHynbi nonwsTi/ineHa HM3KOM 
nnoTHOCTM (LDPE). B KanecTBe curiMKOHOBoro snacTOMepa i/icnonb30Bancfl AByxKOM- 
noHeHTHbiw CMJiMKOHOBbiw KOMnayHA MapKM "ELASTOSIL RT 601" n p o h 3 bo ACTBa kom- 
naHMw Wacker [35]. CHawana KowinoHeHT A (cwnoKcaHbi c HeHacbimeHHofi CBfi3b»o 
C=C) CMeiuanw c rpaHyjiaiwn nonwoTuneHa b KonnnecTBe 0,5 r Ha 1 Kr rpaHyn, T.e. npw 
Aone Ao6aBOK cwnwKOHOBoro KOMnayHAa b nonwsTi/ineH 0,05 Bee. %. ripoBenw aKCTpy- 
3MK) 1 Kr rpaHyn noni/i3Ti/ineHa c Ao6aBKaMW. 3aTewi KOMnoHeHT B (cwnaHbi c KaTanw- 
3aTopoM BynKaHM3ai4MM) CMeuianw b rpaHynaMM noni/iMepHoro MaTepwana b Koni/iHe- 
CTBe) 0,1 r Ao6aBKM Ha 1 Kr rpaHyn, T.e. npi/i Aone AoSaBOK KOMnoHeHTa 0,01 Bee. %. 
ripoBenw 3KCTpy3MK> 1 Kr rpaHyn nonwsiwieHa c roQbbkbmw npi/i CKopocn/i 3KCTpy3HM 
10 MM/ceK i/mi/i 72 t/mmh. Mi/mwManbHoe BpeMH npoxo>KAeHMfl aKcrpyAepa npn ashhom 
CKopoc™ cooraBnaeT OKono 2 mmh 20 ceK. OAHaKO b SKcrrpyAepe ecTb 30Hbi CMeww- 
BaHMA, rAe MaTepnan uwpKynwpyeT npw a^hhom ckopoctm 3KCTpy3WM ao 10 - 15 mmh. B 
npeAbiAym^M npwMepe aha omhctkw 3KCTpyAepa ot noni/iMepHoro MaTepi/iana c ao- 
6aBKaMM npow3BOAMJiw 3Kcrpy3MK5 nonwsTMneHa 6e3 Ao6aBOK. B a^hhom npuMepe 
ommctkm He npoi/i3BOAwn>i, no3TOMy npuMepHO Mepe3 3 mmh nocne noAanw noni/i3Ti/i- 
neHa c AoSaBKaMM KOMnoHeHTa B ujepoxoBaTOCTb noBepxHOCTM BbixoA^mero npoAyK- 
Ta pe3KO B03pocna. 3to mo>kho o6i>flCHwrb CMeiunBaHMeM o6omx KOMnoHeHTOB BHyT- 
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pw 3KCTpyAepa m BynKaHM3ai4neM pe3MHbi. BymaHM3i/ipoBaHHaH pe3WHa, coAepwa- 
lyancfl b BbixoAameM npoAyKre, He npocKaiib3biBaeT BAonb noKpbm/m Ha noBepxHO- 
ctm MyHflUJTyKa w yBenwHMBaeT uuepoxoBaTOCTb noBepxHOCTW Bbixoflnuiero npoAyKTa. 
Mepe3 npMMepHO 10 mwh noBepxHOCTb BbixoA*mero npoAyicra crana maAKofi, mto 
yKa3biBaeT Ha yMeHbweHi/ie coAepwaHMa ByjiKaHi/i3i/ipoBaHHOM cmjimkohobom pe3MHbi b 
BbixoA^LMBM npoAyKTe. 3aTewi npoBenn 3KCTpy3i/iK> nonnaTMneHa 6e3 Ao6aBOK. flo- 
BepxHOCTb BbixoA^mero npoAyicra He MMena wepoxoBaTOCTW. TaKMM o6pa30M, bmaho, 
mto OAHOBpeMeHHa^ noAana KOMnoHeHTOB ci/ij-mkohoboii pe3WHbi wio>KeT 6biTb mc- 
nojib30BaHa pj\n HaHeceHM* noKpbrn/m Ha noBepxHOCTb My h ALUTy Ka , ho bo Bpewm skc- 
Tpy3MM noriMMepa, coAepwainero b KanecTBe Ao6aBOK 06a KOMnoHem-a pe3MHbi, no- 
BepxHOCTb npoAyicra wvieeT noBbiiueHHyK) uuepoxoBaTOCTb. 
npMMep 7 

Cnoco6 peajiM30BbiBann cfcopMOBaHi/iewi nepe3 KonbueBofi MyHAWTyK, noKa3aH- 
HbiM cxeMaTMMecKM Ha cfnir.lO, c ncnonb30BaHweM uJHeK 3KCTpyAepa, onwcaHHoro b 
npuwiepe 4. B Kawiepy LUHeK 3KCTpyAepa, 3arpy>KanM rpaHynw nonwsTwneHa HM3Kpii 
nnoTHocTM (LDPE) c Ao6aBKaMH OAHOKOMnoHeHTHoro cwni/iKOHOBorO snacTOWiepa 
"N10" npon3BOACTBa KOMnaHnw Wacker [35]. KowinayHA 6bin pa36aBJieH KCwneHOM b 
cooTHOiueHMM 2 HacTM pa36aBi*Tejifl Ha 1 MacTb KOMnayHAa n nepewieLuaH c rpaHyna- 
mw nonwsTMJieHa. flon« Ao6aBOK cunwKOHOBoro KOMnayHAa b noriM3Ti/meH cocTaBwna 
0,01 Bee. %. Hepe3 60 mmh 3KCTpy3MM 3aperncTpMppBaHO yMeHbiiieHne wepoxoBaTO- 
ctm Ha noBepxHOCTM BbixoA«u4ero npoAyKTa 1/1 yMeHbiueHne fxaBnenm npeccoBaHi/m 
Ha 1,4%. 3aTewi npoBenw 3KCTpy3Mio nonwsTi/meHa 6e3 Ao6aBOK. 3a 120 mmh 3Kcrpy- 
3MM yBenwHeHMfl wepoxoBaTocTM mjim M3MeHeHM* p&Bnewna npeccoBaHwa He o6Hapy- 
>KeHO. 3to noKa3biBaeT, mto ecnn no/iHMepHbw wiaTepwa/i He coa©P>kmt a6pa3i/iBHbix 
MacTMM, to i/)3Hoc ynpyroro noKpbiTMfi HeBeriMK m p,nn KowineHcamiM w3Hoca ynpyroro 
noKpbiTMfl AOCTaTOMHO Hcnonb30BaHMfl Ao6aBOK b KonMMecTBe 0,001%. 

HpeATiaraeMoe TexHi/wecKoe peweHwe wioweT 6biTb scjDcjDeKTMBHO ucnonb30Ba- 
ho TaiOKe npu 3KCTpy3wn nneHKM w bohokoh W3 pacTBopoB noJiMiwepoB, SeriKOB m bi/ic- 
K03bi. Cnotf pe3MHbi Ha noBepxHocTW MeTanna He TonbKO yBenwMUBaeT CKopocrrb 6e3- 
AecfceKTHOw 3KCTpy3MM m ywieHbiuaeT noTepn Ha TpeHwe, ho TaiOKe no3BonfleT ywieHb- 
niMTb Koppo3Mio MeTanna MyHAunyKa win cfci/uibepbi M3-3a pa3no>KeHMa no/iMMepHoro 



MaTepwana mjim KOHTaicra MeTanxia c >kmakocthmm b KoarynMpyiomMX BaHHax. flpeAna- 
raewibie TexHMMecKwe peujeHW* Moryr 6biTb ncnonb30BaHbi npw wHweioiMOHHOM cfcop- 
MOBaHMM, Hanpuwiep Ana CHMweHM* AaBneHMH npeccoBaHUfl b sKCTpyAepe, ynynuje- 
hmm 3anonHeHM« c£opMbi w o6/ierMeHMfl OTAeneHwa M3fleriM« ot npecc-<t>opMbi. 

Heo6xoflMMO OTMeTMTb, mto 1/13 ypoBHH TexHMKM He cneAyeT oneBMAHbiM o6pa- 
30M, mto HaHeceHwe ynpyroro noKpbiTMfl Ha BHyTpeHHew noBepxHOCTM MyHAWTyKa b 
npOLjecce 3KCTpy3MM nnacTM kob yBeiiMMMBaeT CKopocTb 6e3Aetf>eKTHOM 3KCTpy3MW 
pacnnaBOB noxinMepoB no cpaBHeHMK) co cnyMaewi wcnonb30BaHWfl Ao6aBOK HeBynKa- 
Hi/i3i/ipoBaHHbix cfDTOpMpoBaHHbix sjiacTOMepoB. TaKMM o6pa30M, npeA^iaraewioe Tex- 
HMMecKoe petueHwe OTBenaeT Tpe6oBaHHK) M3o6peTaTenbCKoro ypoBHfl. 

flpeAJiaraeMbie TexHMHecKuie peuueHMfl o6naAaioT oneBMAHbiMM cymecrBeHHbi- 
mm OTJiMHMAMM ot npoTOTMna. A MMeHHO, b npotiecce cfjopMOBaHMfi npon3BOA«T HaHe- 
ceHwe ynpyrwx noKpbiTMM Ha noBepxHOCTb MyHAiuryKa, HaxoA*myK)Cfl b KOHTaKTe c 
pacnnaBOM noriMMepHoro MaTepwana. 

npeAnaraeMbiM b HacToameM TexHi/wecKOM peweHi/iw cnoco6 AWHaMMMecKoro 
HaHeceHMfl ynpyroro noKpbm/m, ycrrpoiicTBO An* ero ocymecTBneHM* m cocTaB TepMO- 
nnacTMHHoro MaTepwana c BapwaHTaMw mx peanM3ai4MM He 6biriM M3BecTHbi M3 na- 
TeHTHOM m cneMwanbHofi JiMTepaTypbi. 

B npnMepax peanw3auMM npoAeMOHCTpupoBaHO. AOCTMweHMe TexHWMecKoro pe- 
3ynbTaTa - yBennMeHne CKopoc™ 6e3Ae<t>eKTHoti 3KCTpy3MM nonnsTwrieHa, KaK Haw6o- 
nee TunnMHoro m ujwpoKO Mcnonb3yeMoro nonnwiepHoro MaTepwana. 

ripuwiepbi peanM3aL4MM AOKa3b!BaK)T npoMbiuj/ieHHyio npnivieHMMOCTb 3afiBJieH- 
hwx cnoco6a cfropMOBaHMfl TepMonnacTMMHoro noriMMepHoro MaTepwana, ycTpowcTBa 
Ana cfropMOBaHWfl TepMonnacTMMHoro nonwwiepHoro MaTepwana m cocTaBa Tepwionna- 
CTMMHoro nonwMepHoro MaTepwana c BapwaHTaiviM mx peannsaquw. 

TaKMM o6pa30M, npeA^araewibie TexHMMecKwe peweHMfl aBnaiOTCfl HOBbiMW, ot- 
Benaiof Tpe6oBaHM»o M3o6peTaTexibCKoro ypoBHfl, MoryT 6biTb npMMeHeHbi b npoMbiiu- 
neHHOCTM, a TaioKe o6ecneHMBaioT ynyMLueHwe KanecTBa m3a©J1mm, skohommio SHeprww 
m yBeriMMeHMe ckopoctm npoM3BOACTBa f to ecTb oTBeMaioT BceM Tpe6oBaHM«M, 
npeA*bflBJi*eMbiM k M3o6peTeHMK). 
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OopMyJia M306p©T©HMH 



1. Cnoco6 cpopMOBaHMfl TepMonnacTMMHoro nonMWiepHoro wiaTepnana, 
BKnioHaiomMM BbiAaBHMBaHMe pacnnaBa TepwionnacTMMHoro nonMWiepHoro wiaTe- 
pnana c Ao6aBKawiM anacrowiepoB sepe3 yerpoMCTBO ppa cpopwiOBaHM* Tepwionna- 
cTMMHoro nojiMMepHoro MaTepwana, w co3flaHwe b npoqecce BbiflaB.nl/iBaHMfl ynpy- 
roro noKpbiTMfl, no KpatfiHeM wiepe, Ha Mac™ noBepxHOCTM yerpoMCTBa, HaxoA«u4eM- 
ca b KOHTaiae c pacnnaBOM. 

2. Cnoco6 no n.1, omMMaiomMMca Tewi, hto co3flaHwe ynpyroro noKpbiTM* 
ocymeerenaioT, no KpatiHeM wiepe, Ha MacTM noBepxHOCTM ycTpoMCTBa an* 
cpopwiOBaHMfl, npHMbiKaiomew k Bbixofly M3 ycTpowcTBa, m c aiwhom He wieHbiue 
10% ot LuwpMHbi 3a3opa fljin cpopwiOBaHMfl nonMWiepHoro MaTepnaxia. 

3. Cnoco6 no n.1 mjim n.2, oTnMMaioiuMMCfl Tewi, mto flo6aBKM anacTowiepoB 
bhocat b cpopwiyewibm non^wiepHbiM iwaTepnaji b KOJinnecTBe ot 0,001 ao 10 Bee. 
%. 

4. Cnoco6 no n.3, OTJiMnaiomMMCH Tewi, mto flo6aBKM anacrowiepa bhocjit b 
npouecce cpopwioBaHM* OflHoro TepwionnacTMMHoro nonMWiepHoro wiaTepnana c ao- 
6aBKaMn 3/iacTOMepoB ot 0,01 ao 10 Bee. %, a 3aTewi npoM3BOA*T cpopMOBaHMe 
Apyroro TepwionnacTMMHoro nonMWiepHoro MaTepwana c Ao6aBKawiM anaerowiepoB 
ot 0,001 ao 1 Bee. % mjim 6e3 Ao6aBOK. 

5. Cnoco6 no mo6owiy M3 nn.1-4, oTnuMaioiAMMcn Tewi, mto co3AaHne ynpyro- 
ro noKpbiTMfi ocyiAecTBJiaiOT nyrewi oca>KAeHMfi aoSbbok anacTOwiepoB M3 paenna- 
Ba cpopwiyewioro TepwionnacTMMHoro nonMMepHoro MaTepwana m mx BynKaHM3aun- 
ew. 

6. Cnoco6 no nio6owiy M3 nn.1-4, OTnMMaioiAMMCfl Tewi, mto co3AaHwe ynpyro- 
ro noKpbiTi/m ocymecTBriflioT nyrewi oca>KAeHMfl A°6aBOK anacTOWiepoB M3 pacnna- 
Ba cjDopwiyewioro TepwionnacTMMHoro noJinwiepHoro wiaTepwana, a b KaMecTBe ana- 
CTOMepos ncnorib3yK)T TepwionjiacTMHHbie anacTowiepbi. 

7. Cnoco6 no n.6, OTnMMaiomMMCfl Tewi, mto b KaMecTBe TepwionnacTMHHbix 
snacTOWiepoB Mcnonb3yK>T anacTowiepbi c TewmepaTypoM cTeKnoBaHwa hvokb Tewi- 
nepaTypw cpopwioBaHwa TepwionnacTMMHoro nonnwiepHoro wiaTepwana, ho Bbiiue 
TewinepaTypw nnaBneHMH TepwionnacTMMHoro wiaTepMana w c wianow aAre3Mew k 
cpopwiyewiowiy TepwionnacTMMHOwiy nonMwiepHowiy wiaTepMany. 



8. Cnoco6 no n.5, OTJiuiMaromwwcfl TeM, mto 3nacT0Mepbi Bbi6i/ipaK>T m rpyn- 
nbi axiacTOMepoB, cnoco6Hbix k BynKaHM3ai4MM no peaKLju^M noxiMKOHAeHcauwui wjiw 
ruflpocMnnpoBaHMfl. 

9. Cnoco6 no n.8, OTnunaioiiiMMCw TeM, mto npoqecc cfropMOBaHWfl Tepwio- 
nnacTMHHoro nonnwiepHoro MaTepwa/ia ocyniecTBJiflKrr c wcnojib30BaHweM ycTpofi- 
cTBa c noKpbiTneM, HaHeceHHbiM no KpawHew Mepe, Ha Mac™ ero noBepxHOCTi/i, Ha- 
xofl«u4eficfl b KOHTaiae c pacnnaBOM i/i coAepwauuieii KaTanM3aTop ppa cooTBeTCT- 
ByioLLieM peaKLjun BynKaHM3ai4nw snacTOMepoB. 

10. Cnoco6 no n.9, OTJinnaioiJUMMCfl TeM, mto noKpbiTwe, coAepwamee KaTa- 
nn3aTop flji^ cooTBeTCTBytoLijeii peaKMMM ByjiKaHnsaqnn 3/iacTOMepoB, HaHOCHT b 
npouecce cfropMOBaHMH TepMonnacTMHHoro nonwMepHoro MaTepwana. 

11. Cnoco6 no n.10, OTJii/iMafou-iwwcfl TeM, mto Ao6aBKM snacTOMepoB w Ka- 
TariM3aTopa An* o6ecneMeHHH wx ByjiKaHH3ai4MH bhocht pa3AexibHO bo BpeMeHi/i. 

12. CnocoS no n.10, OTJiMMajoLni/iwcfl TeM, mto Ao6aBKM KaTajiM3aTopa bhocat 
b npouecce cjDopMOBaHi/m oahoto TepMonnacTHMHoro no.ni/iMepHoro MaTepnana, a 
3aTeM npoi/i3BOA*T cfropMOBaHwe Apyroro TepMonnacTMMHoro noniiMepHoro MaTe- 
pnajria. 

13. CnocoS no n.5 t OTHHMaKDUjMMCfl TeM, mto pacnnaB TepMon/iacTMMHoro 
nonnMepHoro MaTepwana AononHWTeiibHO coAep>KWT Ao6aBKH cwwBaioinwx areH- 

TOB. 

14. Cnoco6 no n.13, OTJWMaK)U4wCicfl TeM, mto b KaMecTBe cwwBaiomMX areH- 
tob ncnoxib3yK)T opraHMMecKne nepoKCHAbi c TeMnepaTypofi pa3Jio>KeHi/ifl Bbiiue 
TeMnepaTypbi (fcopMOBaHwa ho Hwwe TeMnepaTypbi pa3Jio>KeHi/ia TepMonnacTMMHO- 
ro nonwMepHoro MaTepwa/ia. 

15. Cnoco6 no n.14, OTJiMMarainwMCfl TeM, mto ByjiKaHW3ai4tiK) 3nacTOMepoB 
ocyu4ecTBJifiKDT nyTeM wx HarpeBa ao TeMnepaTypbi pa3no>KeHM« yKa3aHHbix nepoK- 
cmaob, no KpawHew Mepe, b tom Mac™ cfcopMyiounero ycTpoiicTBa, KOTopaa npi/iMbi- 
KaeT k ero BbixoAy, HanpMMep, k BbixoAy W3 MyHAWTyKa mjim 4>i/mbepbi. 

16. YcTpowcTBO An« cpopMOBaHMfi TepMonnacTMMHoro nonwMepHoro MaTe- 
pwana c noKpbiTneM, HaHeceHHbiM, no KpafiHew Mepe Ha MacTM tom noBepxHOCTM 
ycTpoiicTBa, KOTopafl npeAHa3HaMeHa An* KOHTaKTa c pacnnaBOM TepMonnacTMM- 
Horo noiiMMepHoro MaTepnana, m co a e p>Ka U41/1 m . KaTann3aTop pj\a cooTBeTCTByio- 
u\e\h peaKLiww BynKaHM3aqMM anacTOMepoB. 



17. YcTpowcTBO no n.16, o-mi/waioineecfl TeM, hto, noKpbrme, coAep>KaLi4ee 
KaTa/iM3aTop, BbinonHeHO m pe3MHbi, anacTMMHOM npn TeMneparype c£opMOBaHWH 
nonnMepHoro MaTepwana. 

18. CocTaB TepMon/iacTHMHoro normMepHoro MaTepnana, coAepwamwfi no- 
jiMonecjDMHbi n flo6aBKM 3/iacTOMepoB, OTJiMHajoLLjMKCfl TeM, mto b KanecTBe sna- 
CTOMepoB Mcnonb3yK)T 6jiok cononnMepbi wecTKMX noxiwMepoB (A) c TeMnepaTypow 
CTeKnoBaHMfi Bbuue K0MH3TH0M, ho HW>Ke TeMnepaTypbi cfropMOBaw/ifl yKa3aHHbix 
no/iMOJiecjDMHOB, w MflrKiix nojiMMepoB (B) c TeMnepaTypow cTeiuiOBaHMfl HM>Ke kom- 
HaTHOM, npuMeM 6/iok conoriMMepbi Bbi6npaK)T co CTpyicrypoii nMHeMHoro 6jiok co- 
nonnMepa A(BA) n> rAe n>0, win (BA) m , rAe m>1, wjim rpacjrr- cononwMepa, KorAa k 
ivmrKOMy nonuMepy npi/iBi/iTbi, no KpawHew Mepe, ABa 6oKOBbix cerMeHTa >KecTKi/ix 
noiiMMepoB, npi/i cneAyroaieM cooTHOixieHMM KOMnoHeHTOB: 

TepMon/iacTHMHbie snacTOMepbi - 0,001 - 10 Bec.% 
TepMonnacTHMHbiM noni/iMepHbiw Marepwaji - ocTa/ibHoe. 

19. CocTaB TepMonnacTMMHoro nonnwiepHoro MaTepi/iana no n.18, otjim- 
MaK)LMMMC« TeM, hto b KanecTBe >KecTKMX nonnMepoB npewMyiAecTBeHHO wcnonb- 
3y»OT noxiMMepbi m cneAyHDinew rpynnw: nojiH3c|Di/ipcynb(|)OH, nojii/iBi/iHi/mnMppojii/i- 
Aoh, nojiMMeTMJiMeTaKpuxiaT, normcTHpon, wecTKi/iw noni/iwMHA, no/iwypeTaH, a b 
KanecTBe M^rKnx no/iwMepoB npenMyLqecTBeHHO ncnojib3yK>T nonnwiepbi M3 one- 
AyJoujeM rpynnw: nojiwAMMeTWJici/moKcaH, nonMMeTMn4)eHMncnnoKcaH, nonuTeT- 
pac^TopsTuneH, cfDTopupoBaHHbiM nonn3TnneH wnw MfirKne cononnMepbi cfyropiipo- 
BaHHbix noni/ionecfcwHOB c cooTHOiueHi/ieM aTOMOB cjyropa k aTOMaM ymepoAa He 
MeHee1:2. 



Cnoco6 cfDopMOBaHMH TepMonnacTMHHoro noni/iMepHoro MaTepwana, ycTpowcTBO a^* ero 
ocymecTBneHi/m w cocTaB TepMonnacTMMHoro nojiMMepHoro MaTepwaiia 
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Cnoco6 cjDopMOBaHMfl TepMonnacTMMHoro nanwviepHoro MaTepnana, ycTpoftcTBO a^h ero 
ocyiiiecTBJieHwyi m cocTaB TepMonnacTMHHoro no/WMepHoro MaTepwana 
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Cnoco6 c^opMOBaHMH TepMonnacTMHHoro nonuiMepHoro MaTepwana, ycrrpoiiCTBO aji* era 
ocyLqecTBneHMfi m cocTaB TepMonnacTHMHoro nonwviepHoro MaTepi/iana 
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Onr.11 




PecJjepaT 



Cnoco6 4>opMOBaHM5i TepMonnacTMHHoro noxiiiMepHoro MaTepnana, 
ycTpoMCTBO A^fi ero ocymecTB/ieHM* m cocTae TepMonnacTiisHoro 

nojiiiMepHoro MaTepwana 

3aflBJiHeMbie TexHi/mecKoe peuueHwe othochtch k cjDopivioBaHwo pacnnaBOB 
no/iMMepoB, a npeMMymecTBeHHO k cfcopMOBaHi/ijo 3KCTpy3i/iew, m cneunajibHO k skc- 

Tpy3MM nOJlMOJieC^MHOB, B HaCTHOCTM, nonHSTMJieHa, M M0>K6T 6blTb MCnOJlb30BaHO 

npw M3roTOBiieHMM no/iMMepHoro npocfrurm, i/isojiwpytoinero noKpbiTHfl Ha aneiapM- 
MecKOM KaSene, nonnMepHoro BonoKHa, nojiwMepHow Tpy6w m nonnMepHOM nneH- 
km, nonynaeMOM pa3flyBaHneM TpySbi. 

TexHMHecKwii pe3ynbTaT - yBennMeHne ckopoctm 6e3flecJ)eKTHOM 3KCTpy3MM - 
floCTMraeTCfl TeM, hto b npoLjecce cjDOpMOBaHn^ pacruiaBOB nani/iMepa Ha noBepx- 
HOCTb cfropMyiomero ycTpowcTBa, HaxoflflmyK>c* b KOHTaicre c pacrmaBOM nonwMe- 
pa, HaHocflT ynpyroe noRpbuwe. llpeMMyiJuecTBeHHO, ynpyroe noKpbiTue HaHOCflT 
oca>KfleHMeivi flo6aBOK M3 pacnnaBa nojiwMepHoro MaTepnana Ha yKa3aHHyio no- 
BepxHOCTb. B KaMGCTBe MaTepwana flrm ynpyroro noKpbiTiifl Bbi6npaK)T TepMorma- 
CTMHHbie anacTOMepbi, ynpyrae no cpaBHeHMio c pacrmaBOM nanMMepHoro MaTe- 
pwana, mjih snacTOMepbi, npno6peTaK)U4Me ynpyrocTb b pe3yxibTaTe BynKaHM3auwn. 
B nocneflHeM cjiynae npoBOfljrr flUHaMnnecKyK) BynKaHW3ai4HK) cjioa anacTOMepa b 
npoqecce 3KCTpy3ww. MacTHbie cny^aM peann3aL4MM npeflnaraeivioro TexHunecKoro 
peiueHMfi xapaKrepn3yK)T MaTepi/ia/i an* noKpbm/iii w 3KCTpy3wn, yc/iOBM* ocyme- 
CTBJieHMfl cnoco6a m TexHMMecKne fleTanw ycTpowcTBa a^* cfcopMOBaHH* Tepwio- 
n/iacTMMHoro MaTepwana. 
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